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Abstract 
Vesuvius in Southern Italy is among the most densely populated active volcanoes on 
Earth.  Although famous for its Plinian eruption that destroyed Pompeii and Herculaneum 
in AD 79, its recent activity, between 1631 and 1944, was primarily effusive.  Data from 
field studies, analogue modelling and historical accounts are here combined to 
investigate Vesuvius’ activity during this latest eruptive phase and to identify behavioural 
trends of value for enhancing emergency responses during future unrest. 
 
The focus of this study is on the activity of 1631-1944, and data have been compiled for 
183 eruptions during this period.  Further data regarding earlier flank eruptions have 
been incorporated permitting a more comprehensive examination of these infrequent 
events.  Such flank vents have been concentrated on the southern flanks at about 300 m 
above sea level and a mean distance of 4.2 km from the summit.  A submarine pit crater, 
newly correlated here with the 1861 eruption, highlights the potential for vents to form 
at almost twice the mean distance from the summit and further than previously 
considered.  Analogue studies of magma injection, using a gelatine model, have shown 
that the vent distribution is consistent with a regional stress field modified by 
gravitational stresses due to the size and shape of the volcanic edifice.  
 
The study of the 1631 to 1944 lava flow-fields shows that lavas from flank vents reached 
similar lengths to summit and lateral vent flow-fields, all with mean lengths around 4km.  
Over half of all lava flow-fields extended to beyond 4km from the crater, and so 
threatened the principal settlements around the foot of the volcano.  The flow-fields had 
typical surface areas of less than 5 km2, and approximately a third reached their 
maximum length within a week.  Flank eruptions normally occurred when the summit 
crater was full of lava and were commonly preceded by three days of elevated seismicity.  
Such events can thus potentially be forecast with at least a 24-hour warning and, even 
after an eruption has begun, several days may be available before a settlement is 
threatened.  The design of an effective emergency response to future effusions is thus a 
feasible objective.  
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Chapter 1:  Introduction 
1.1 Research Rationale 
Mount Somma-Vesuvius, popularly known by its abbreviated name Vesuvius, is one of the 
most famous volcanoes in the world as a result of the destruction of the towns of Pompeii 
and Herculaneum during the AD 79 Plinian eruption.  Vesuvius is located in southern Italy, 
at approximately 10km from the outskirts of Naples, the most densely populated city in 
Europe.  Towns have developed and continue to grow across the lower Vesuvian flanks, 
demonstrating how the human population continues to live with the threat of volcanic 
activity, despite the repeated destruction of some towns.  Three million people live within 
eruptive range of Vesuvius , and it is for this reason that this active volcano warrants 
intense study in order to increase our understanding; to better our chances of forecasting 
future activity and to decrease the risk to both population and property.  While the 
Plinian activity has been subject to much research, the most recent, less explosive 
eruptions have been largely overlooked.  Hence, this research focuses on the analysis of 
the characteristics of the most recent activity at Vesuvius, that of the period 1631 to 
1944. 
 
The city of Naples was first colonised in around 800 BC (Scarth, 2009), and with a number 
of settlements around Vesuvius, the continual presence of people in the area through 
nearly 3000 years has produced a long historical record documenting the activity of the 
volcano.  The records vary in quality and detail, however, certainly for 1631 to 1944, there 
are significant numbers of reports and illustrations allowing for the determination of the 
eruption styles and products, and for the identification of trends in activity over time.  On 
inspection of this eruptive history, it becomes obvious that Vesuvius is not merely the 
host of explosive activity that it is particularly well known for, but, like many volcanoes, 
Vesuvius demonstrates a wide range of activity, from quiet effusion of lavas to 
cataclysmic explosions, and it is this diversity that complicates attempts at forecasting the 
style of future activity.  With a range of eruption styles, there is a corresponding 
significant range of eruption products and hence hazards presented by Vesuvius.  Despite 
this, the majority of modern research is focussed on the explosive activity, based on the 
assumption that renewed activity will begin with a VEI 4 event and as such effusive events 
receive less scrutiny.  Lava flows are normally responsible for far fewer deaths than other 
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volcanic hazards due to their relatively slow rates of emplacement (Wadge et al., 1994).  
Less than 1% of fatalities from eruptions worldwide in the period 1600 to 2010 were 
attributable to lava flows (where the cause is known)(Auker et al. (In Press)) with over 
80% of casualties from 1900 to 1989 due to pyroclastic flows, lahars, tsunamis and famine 
(Schmincke, 2004).  Yet, the lava hazard from Vesuvius, evaluated in this research, is 
significant due to the destructive and unstoppable properties of a flow, the possible 
occurrence of fast flows, lava effusion at low altitudes with little warning with the 
potential for loss of life, and in such a densely populated area, the guaranteed destruction 
of property and infrastructure.  
 
Although the majority of activity in the past occurred at the summit, flank eruptions have 
also occurred through the history of Somma-Vesuvius with several occurring during the 
recent 313-year period of 1631 to 1944, all of which produced lava flows which inundated 
populated areas to the south.  As with effusive activity, the development of lateral and 
flank vents at Vesuvius has had minimal study, yet is noted in Santacroce (1987) that 
these vents form with a recurrence time much shorter than that of the explosive Plinian 
events that are the subject of such intense study.  Given the importance of these flank 
eruptions at Vesuvius and their potential for destruction, a section of this research has 
specifically focused on analysing their location and characteristics.  The relevance of flank 
eruptions is also highlighted by Rosi et al. (1987b) in stating that the vent opening 
mechanism will control the size of the next eruption.  They propose that an external force 
such as an earthquake could induce the opening of a lateral vent resulting in a small 
effusive eruption, acting to depressurise the system.  Without this, pressure will grow 
until an explosive event occurs.  It is clear that investigation is required to fully describe 
the distribution of vents at Vesuvius and explain the activity at these eruptive sites which 
may form during renewed activity on the now densely populated lower flanks of the 
volcano.   
 
Numerous lava flows have occurred throughout the existence of Somma-Vesuvius, with 
the oldest found at approximately 300 ka (Guest et al., 2003), and the most recent flows 
in 1944.  Whilst lava flows are constructive in volcano formation, many entered now 
populated zones demonstrating the need to understand the history and formation of the 
Vesuvian lavas.  Effusive activity dominated the last active period at Vesuvius, from 1631 
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to 1944, producing a large apron of lavas covering the southern edifice.  It is the activity 
of this period that is the subject of this research, both because it is well documented 
allowing conclusions to be drawn with confidence, and because similar activity could be 
expected in a new eruptive phase.  Indeed, the current emergency plan works with the 
assumption that renewed activity will open with a 1631-style eruption, which, as 
discussed in Chapter 3, probably produced extensive lava flows which reached the coast 
within hours.  The exact timing and style of the next eruption is not known and many 
authors have undertaken statistical studies to quantify a forecast, with Scarth (2009) 
stating that the current literature provides estimates of between 2023 and 2064 for the 
renewal of activity.  Rolandi et al. (1998) state that a Plinian eruption will end the current 
repose, based on a cyclic system of Plinian to interplinian activity recognised over the past 
3500 years and a relationship between the duration of interplinian activity and 
quiescence.  An eruption of such magnitude (VEI 5+) is shown by Palumbo (1999) to be 
impossible before 3300AD, and using time intervals between eruptions and a complex 
statistical analysis of multiple parameters Palumbo (1999) forecast a sub-Plinian (VEI 4) 
eruption at around AD2030.  It is possible to attain such a timescale with a simple 
calculation of the average time between eruptions, importantly however, this is 
dependent on a stationarity of the system with no change in tectonics or magma supply.  
Again, assuming a degree of stationarity, Kilburn and McGuire (2001) state that sub-
Plinian eruptions of 0.1km3 magma can occur every few hundred years, and show that for 
each year of quiescence, the magma volume stored may increase by 0.001km3, 
confirming that an increased duration of repose will result in a larger eruption.   
Using the VEI levels attributed to eruptions post-1631 by Scandone et al. (1993), De Falco 
et al. (2002) determine that the current period of quiescence is likely to be maintained 
until at least 2019, whilst Luongo and Mazzarella (2003) determine that effusive activity 
can be expected between 2031 and 2064.  Marzocchi et al. (2004) use further 
probabilistic studies and determine in agreement with Palumbo (1999) that the next 
activity of Vesuvius will be of VEI3-4 in magnitude. 
 
As it is not currently possible to make exact predictions of when eruptions will occur, we 
must base hazard assessments on past events.  With activity described in 1571 
(Guidoboni and Boschi, 2006) the length of repose since 1944 is approximately that prior 
to 1631, and is less than the periods of inactivity described in medieval times, so were an 
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eruptive phase to begin anew within the near future (decades), a 1631-style event can be 
expected.  Using further evidence from Palumbo (1999), Kilburn and McGuire (2001), 
Luongo and Mazzarella (2003) and Marzocchi et al. (2004) it appears that the most 
probable eruption this century will be no more than a sub-Plinian event.  Furthermore, 
based on the relationship between the length of repose and magma volume storage given 
by Kilburn and McGuire (2001), should activity resume prior to 2044, it is probable that 
the eruptions will have a magnitude of less than VEI 4 (equal to 1631).  Based on the 
pattern recognised by Palumbo (1999) of smaller eruptions occurring after large eruptions 
in a similar way to aftershocks following an earthquake, it can be expected that activity 
subsequent to an explosive opening eruption will be smaller and similar to that post-
1631.  This thesis therefore provides an analysis of the effusive activity during the period 
of 1631 to 1944 inclusive, which enables assessment of the hazard posed by this style of 
eruption.  Although an order of magnitude greater than the rest of the eruptive 
sequence, the 1631 eruption is included in this analysis as it is probable that this 
represents the greatest hazard possible this century and included a significant effusive 
phase. 
 
1.2 Contribution to Science 
The investigation of dyke propagation within the upper edifice through studies of 
distribution of past vents and analogue modelling, along with flow-field morphometrics 
and complementary compositional studies being undertaken on the historic (1631 to 
1944) effusive activity will relate the vent location and magma source to the subsequent 
behaviour of lava flows at Somma-Vesuvius.  It is expected that this will enable a greater 
understanding of the activity and the hazard posed by this infamous volcano, with the 
identification of typical flow-field forms and dimensions, and the advance in the 
knowledge of zones susceptible to vent development. 
 
This research is important due to the active nature of the volcano and the large 
population that lives in an area of very high hazard on the flanks of Vesuvius.  The 
detailed understanding of all volcanic processes must be accomplished in order to save 
lives and limit losses.  With the evolution of science and scientific thinking, as well as 
technology, the understanding of volcanism is an ongoing process. 
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1.3 Aims and Objectives 
Gaps in knowledge are identified in relation to the distribution and development of 
eruptive centres, the effusive eruptive history of Vesuvius, and the characteristics of the 
Vesuvian lavas.  
Aims 
- Complete a comprehensive effusive eruptive history and maps of all lava flow 
activity during 1631 to 1944 
- Describe the lava flow characteristics and flow-field morphology 
- Distinguish the distribution of eruptions in time and space 
- Determine the factors controlling, and the likelihood of, vent formation across the 
volcanic edifice 
- Identify the main controlling factors on flow morphology with emphasis on the 
impact of vent location 
 
Objectives 
- The  study of the literature and historical documents including illustrations and 
maps will be coupled with field studies of accessible outcrops to explore the 
effusive eruptive history 
- Morphometric and statistical analyses will be undertaken on the lava flow-fields of 
1631 to 1944 to categorise the flows and identify flow forms and characteristics 
- Geochemical analyses will be conducted to identify compositional influences 
behind the categories of flows  
- The distribution of the eruptive sites will be investigated in relation to the regional 
and local gravitational stress fields to describe the distribution of vents 
- Analogue modelling will be undertaken to investigate dyke propagation in an 
edifice under the influence of gravitational stresses only to determine how the 
presence of the remains of Somma influence vent formation 
- Through the comparison of all factors identified, statistical, compositional and 
modelling analysis, the principal factors controlling flow form will be determined 
- The combination of data determined here may be used at the onset of renewed 
activity to suggest the likely sequence of events and thus perform a hazard 
assessment. 
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1.4 Location 
Somma-Vesuvius lies to the southeast of Naples in Southern Italy, with its summit crater 
approximately 6km from the shore of the Bay of Naples.  Figure 1-1 illustrates the 
location of Somma-Vesuvius, and shows the principal towns in the Vesuvian district.  It is 
instantly apparent from this map that the lavas have been channelled largely to the 
south, with many entering inhabited regions and many reaching the coastline.  The slopes 
of Vesuvius are heavily inhabited as people have been drawn to the fertile volcanic soils, 
and the tourism, transport, fishing and trade opportunities of the Bay of Naples.  
Numerous towns largely cover the lower flanks, whilst the upper flanks remain more 
sparsely populated.  It is interesting here to note, that the presence of a large population 
in spite of the volcanic hazard has been a recognised issue for centuries, with Blewitt 
(1853) quoting Sir Humphry Davy as describing the inhabitants as “inattentive to the voice 
of time and the warnings of nature”  and also providing a quote from Sir Charles Lyell 
explaining the reluctance to leave the region “No neighbouring site unoccupied by a town, 
or which would not be equally insecure, combines the same advantages of proximity to 
the capital, to the sea, and to the rich lands on the flanks of Vesuvius.  If the present 
population were exiled, they would be immediately replaced by another, for the same 
reason that the Meremma of Tuscany and the Campagna of Rome will never be 
depopulated, although the malaria fever commits more havoc in a few years than the 
Vesuvian lavas in as many centuries.  The district around Naples supplies one amongst 
innumerable examples, that those regions where the surface is most frequently renewed, 
and where the renovation is accompanied, at different intervals of time, by partial 
destruction of animal and vegetable life, may, nevertheless, be amongst the most 
habitable and delightful on our globe” (Blewitt (1853)).    
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Figure 1-1: Location map of Somma-Vesuvius and basic map of the volcanic edifice with products 
and population, modified from Rosi et al. (1987a). 
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1.5 Structure of Somma-Vesuvius 
Vesuvius has formed on Miocene sediments on top of a basement of Mesozoic and 
Cenozoic carbonates at approximately 2km depth (Piochi et al., 2006).  The Somma 
volcano formed to a maximum height of between 1400 and 2000m with growth complete 
before 25,000 years ago (Kilburn and McGuire, 2001); with 1600m estimated through the 
extrapolation of the image in Nazzaro (1997).  During the last 25,000 years, a series of 
eruptions of both pyroclastic material and lava have occurred forming the Somma-
Vesuvius stratovolcano.  Somma-Vesuvius comprises the truncated collapsed volcano 
Somma, the 4km Somma caldera and the volcanic cone Vesuvius (Gran Cono) located 
centrally within the caldera (Guest et al., 2003).  The term Vesuvius officially refers to the 
summit cone, which has developed in the last 1800 years (Kilburn and McGuire, 2001), 
however it is commonly used to refer to the whole volcano, and is used is this thesis as 
such.   
 
The highest point of the edifice is in the summit cone, at 1281m, whilst the Somma walls, 
broadly encompassing the caldera to the north, reach approximately 1100m.  The area 
between the Somma walls and Vesuvius cone to the west is the Atrio del Cavallo, and to 
the north and east is the Valle dell’Inferno (Guest et al., 2003), with the Piane della 
Ginestre to the south.  The remains of Somma consist of lava flows and minor scoria flows 
and falls, whilst Vesuvius is comprised of both these and pyroclasts related to Plinian and 
sub-Plinian eruptions (Bianco et al., 1998), indicating there has been a change in eruptive 
character over the evolution of the complex.  The Somma caldera consists of ring faults 
which formed during the Plinian and sub-Plinian eruptions, with the axis of the caldera 
roughly oriented E-W (Bianco et al., 1998).  
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1.6 Plate Tectonic Setting and Regional Faults 
According to Bianco et al. (1998) three types of tectonics control the developing structure 
and character of a volcano; 
- regional tectonics: which control the location of the volcano and may determine 
the distribution of eruptive sites and magma supply rate (Ellis and King, 1991, in 
(Bianco et al., 1998) 
- volcano-tectonics: which result from stresses generated within the volcano 
principally by shallow magma chamber inflation and deflation (Marti et al., 1994, 
in Bianco et al., 1998)  
- gravitational stresses: which is the effect of the load of the edifice (Chevallier, 
1986, in Bianco et al., 1998) 
 
Bianco et al. (1998) state that regional tectonics, and the resulting stresses, are the 
principal components influencing Vesuvian activity and that there is no evidence of 
gravity controlled stresses at Vesuvius, and no current volcano-tectonic stresses with no 
inflation of the magma reservoir.  This however, is contradicted by Borgia et al. (2005) 
who state that the Vesuvian edifice is undergoing spreading through the action of gravity.  
Whilst volcano-tectonics can be excluded in periods of quiescence, this clearly has an 
impact on the volcano morphology, and is likely the main cause behind the formation of 
the Somma caldera through caldera collapse, following the emptying of the magma 
reservoir subsequent to large-VEI eruptions or through the proposed (Milia et al., 1998) 
destabilisation of the flank through magma intrusion leading to collapse.  This therefore 
affects the gravitational stress regime through changing the load across the edifice.   
 
All three tectonic systems are therefore important to this study, with particular relevance 
to the determination of the location of eruptive vents away from the summit, which is 
explored in detail in Chapter 6.  The main fault systems and stress regimes are introduced 
here in explanation of the emplacement of the Somma-Vesuvius volcano. 
 
The regional tectonics, as stated in Bianco et al. (1998), control the location of the 
volcano, with the over-riding control being the movement of the tectonic plates, with 
Somma-Vesuvius growing at a destructive plate boundary formed where the African plate 
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is gradually moving north and subducting beneath the Eurasian plate (e.g. (Vilardo et al., 
1996).  This subducting plate has been identified as a high-velocity body in the mantle, 
dipping westward from 65km to 285km (De Natale et al., 2001, Piochi et al., 2006), 
feeding a large magma reservoir located at 8-10km, with no evidence of laterally 
extensive magma chambers below 8km (Zollo et al., 1996) to about 30km (De Natale et 
al., 2001, Piochi et al., 2006).  Although through studies of fluid and melt inclusion data, 
the magma storage occurs at 3.5-5, 8-10 and >12km (Piochi et al., 2006) and references 
therein). 
 
The tectonic system here is complex and a number of different fault systems have 
developed bounding the Campanian Plain in which Vesuvius sits.  This structural 
depression is elongated E-W (Turco et al., 2006) located between the Southern Apenninic 
chain and the eastern edge of the Tyrrhenian Sea and has been the site of volcanism for 
the last 600 ka (Rolandi et al., 2003) due to the stretching of the lithosphere induced by 
the N-S collision of the plates and the opening of the Tyrrhenian basin (Scandone, 1979; 
Gaudiosi et al., 1984; Luongo et al., 1991 cited by Vilardo et al. (1996) and Turco et al. 
(2006)) and the anti-clockwise rotation of the Italian peninsula (Scandone et al., 2006).  
 
A number of volcanoes have been active during the Quaternary around the Gulf of 
Naples, including Ischia, Campi Flegrei and Vesuvius (Bianco et al., 1998, Scandone et al., 
2006), with the most recently and most persistently active of these volcanic areas being 
Vesuvius.  The volcanism in this plain, and the relation to regional tectonics, is not fully 
explained (Turco et al., 2006).  Bianco et al. (1998) cites Brancaccio et al., (1991), stating 
that the Campanian Plain subsides at approximately 1mm/year, and is filled with early 
Pleistocene-Holocene aged sediments, identified in Borgia et al. (2005) as clayey marine 
sediments and early volcanics.  Sitting atop a relatively ductile sedimentary base, Borgia 
et al. (2005) investigate the spreading of Vesuvius, as this influences the gravitational 
stress regime within the volcano, and it is suggested that this will have some control on 
the activity here.   
 
The two main fault trends in the Campanian Plain are NW-SE to NNW-SSE and NNE-SSW 
to NE-SW (Principe et al., 1987, Vilardo et al., 1996, Bianco et al., 1998, Guest et al., 
2003).  An ENE-WSW trending discontinuity present to the west of Vesuvius separates the 
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35km thick crust of the Somma-Vesuvius region from the 25km thick Phlegraean Fields–
Procida-Ischia region (Guest et al., 2003, Bianco et al., 1998).  The NW-SE normal faults 
are Lower Pleistocene in age, whilst the NE-SW normal faults are post-700 ka (Bellucci et 
al., 2006, Milia et al., 2006).  Guest et al. (2003) state that Vesuvius is emplaced at the 
intersection between these NW-SE and NE-SW trending fault systems.    
 
The structure of Somma-Vesuvius and the regional and local stresses are investigated in 
this thesis in regard to the formation of eruptive sites away from the summit, and are 
examined in more detail in Chapter 6. 
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1.7 Terminology 
The term “vent” is used here describing eruption sites, which may either take the form of 
singular point vents, or elongate fissures along which vents formed with eruptive activity.  
The description of vents is complicated by the use of different terminology by different 
authors.  Rittmann (1973) described terminal (summit) and sub-terminal vents, with vents 
up to several hundred metres lower than the summit being classed as sub-terminal 
(Wadge et al., 1994).  Wadge et al. (1994) assign a threshold height for vents, below 
which are termed flank vents.  Wadge et al. (1994) do not separate lateral and lower flank 
vents in their definition, and much of the Etna research discusses flank vents in reference 
to both lateral and eccentric formations.  A good method of definition is through the 
association with the central conduit, with “lateral” vents being linked to the central 
conduit via horizontal dykes (Rittmann, 1964, Behncke and Neri, 2003b), and “eccentric” 
to describe vertical dykes unrelated to the feeding system (Behncke and Neri, 2003b).  
The term “peripheral” is also adopted for vents of this kind, such as by Acocella and Neri 
(2003), whilst others refer to these as eccentric or parasitic. 
 
In a similar way to Wadge et al. (1994), the classification of the Vesuvian vents in this 
thesis is based upon the location on the edifice at which this vents develop, with lateral 
from above the approximate height of the lower (southern) caldera rim, and flank vents 
below this point.  These terms do not imply any separation from, or association with the 
feeding system, that is implied by the term ‘eccentric’ by Behncke and Neri (2003b).  The 
terms lateral and flank are useful for an initial description of the distribution of vents, 
prior to further study indicating the mechanism of magma supply.    
 
In summary, the terminology adopted here for the three main vent locations is: 
- Summit: Eruptions occurring from vents in the crater at the top of Gran Cono 
- Lateral: Eruptions occurring from vents within the caldera, on the caldera floor or 
lower Vesuvius cone 
- Flank: Eruptions occurring from vents outside of the caldera on the lower flanks of 
the volcano
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Chapter 2:  Reconstruction of the Effusive Eruptive 
History and Historic Lava Flow-fields: Methodology 
2.1 Methodology: An Overview   
The eruptive history of Somma-Vesuvius is of vital importance to understanding the 
characteristics, formation and structure of the volcano and the activity that occurs there.   
In order to determine lava flow-field morphology and trends in activity, this work will 
produce a completed effusive history for 1631-1944 (identifying eruption style, vent 
location and timings) and lava flow maps for each eruption, allowing the analysis of lava 
flow-field dimensions.  The methodology for this study included: 
 
1. The analysis of historic and modern maps and illustrations 
2. The analysis of historic and modern literature 
3. Field studies 
 
Many authors since AD79 have compiled eruptive history documents for this volcano, 
however many focus on the often devastating explosive activity, with the effusive activity 
neglected.  Reports, maps and illustrations were frequently produced for lava flows which 
extended onto the inhabited flanks, due to the direct impact on the population.  However 
many eruptions during the last period of activity (1631-1944) produced lavas restricted to 
the summit crater, the upper cone or the Somma caldera. As such, these flows had no 
direct impact or relevance to the population, hence the majority of these were not 
mapped and only received a cursory mention in contemporary texts. This partial record of 
the effusive activity is examined and expanded upon here, to provide a more complete 
and comprehensive picture of the activity of Somma-Vesuvius.   
 
The effusive eruptive history and maps of the lava flows are constructed based upon 
historical maps and Rosi et al. (1987a), as well as illustrations drawn at the time of 
eruptions, and the available published record of events.  The lava flow maps, although in 
part based on assumptions and interpretations of information from historic sources, can 
be used for a number of analyses including: 
1. The calculation of numerical results; length, width, area, volume and effusion rate 
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2. Identification of trends in the results and comparison of the characteristics 
identified, which will aid the recognition of common flow types, which can be used 
for forecasts of future lava flow extents 
3. Identification of common vent locations, which will allow analysis of the affect of 
vent height on volumes and effusion rates, and subsequent flow characteristics.  
This will also enable the recognition of fissure trends and rift zones, allowing for 
derivation of potential future vent sites 
 
Field studies supported the analysis of the imagery and literature, confirming localities, 
lava flow morphology and characteristics.  
 
In this chapter the use of historic maps and images is discussed, along with principal data 
sources for the compilation of the eruptive history.   A literature review is undertaken of 
the pertinent work and authors discussed throughout the thesis in the relevant chapters.    
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2.2 Cartographical Analysis  
Many maps have been compiled since the 1600s illustrating the topography of 
Somma-Vesuvius, the products of the eruptions and land use. However, the accuracy and 
completeness of these maps is highly variable.  Part of the research undertaken is to 
investigate lava flow-field development at Vesuvius, and therefore a complete picture of 
the lava flow activity and identification of whole flow-fields is required.   
 
The large number of maps illustrating the activity of Vesuvius during the period 
1631-1944 is in part due to the high population in the region, additionally, from the 1700s 
Vesuvius became a popular tourist destination and an important site for scientific 
observations, due to its semi-persistent activity and accessibility.   
 
 
Figure 2-1: The 1987 Geological Map. (Rosi et al., 1987a) 
 
There are several modern maps illustrating the lavas, and these along with historical 
maps are analysed and interpreted here to compile a comprehensive portfolio of lava 
flow maps by eruption.  The 1:25,000 Geological map of Somma-Vesuvius Volcanic 
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Complex (Rosi et al., 1987a) (Figure 2-1) is an accurate, modern geological map, however 
this alone is not sufficiently adequate for demonstrating the entire lava flow history from 
1631-1944 and for calculating flow dimensions as it is only the stratigraphically 
uppermost flows, which are largely the most recent, that are shown in any detail.   
 
2.2.1 Limitations of Historical Maps 
The maps produced during the most recent period of activity differ greatly in quality and 
reliability, with the following issues observed: 
- Absence of labels - Often flows are not labelled, leading to potential 
misidentification, and thus incorrect assumptions about the eruptions that formed 
them.  It is possible that some of these maps were accompanied by explanatory 
texts and legends that are not available today.   
- Imprecise drawing of flows - The lava flows have often been drawn crudely with 
generalised shapes, or the flows are not differentiated.  This allows for 
observations to be made on the broad area covered by lava but prevents 
identification of individual flow field morphology, and therefore impedes the 
interpretation of sequences of emplacement.  The map of Auldjo (1832)(Figure 
2-2) is an example of this; whilst it is useful in the recognition of approximate flow 
paths, most flows are drawn without shape detail. 
- No identification of scale - One key issue with the use of historical maps is 
identification of the scale.  Over the years the accepted standard measuring units 
have changed, and what is now classed as a mile may differ from the past linear 
measurement of a mile.  Also, the units of measurement can differ, one country to 
another.  Some maps do not have scales, however, through aligning the coastline 
and Somma caldera with the modern map the scale can be ascertained.  
-  Absence of lavas  
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Figure 2-2: This map of Auldjo (1832) showing the flows of 1631 to 1831 shows the direction and 
length of the flows, but cannot be used for detailed analysis. 
 
An example of a map in which the flows are not labelled is also given (Figure 2-3). 
This would make identification of the flows unreliable, however on this particular map the 
title indicates the eruption years thus allowing for comparison with other maps and 
descriptions, and identification of the flows. 
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Figure 2-3: Phillips (1869) “ Distribuzione delle collate laviche del 1737, 1760, 1767 e 1771”.  This 
is an unlabelled, but more accurately drawn map of several lavas. 
 
Figure 2-4: Alfano and 
Friedlaender (1929)  This 
shows a small number of 
flows in detail, with a scale in 
Neapolitan miles. 
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2.2.2 Key Maps 
Although a significant number of maps exist, due to the described limitations, only a small 
number are used repeatedly as trusted sources, with other maps used as secondary 
sources for comparison and confirmation.   
 
The Geological Map of Somma-Vesuvius Volcanic Complex (Figure 2-1) produced in 1987 
and accompanied by the “Quaderni de “La Ricerca Scientifica” Somma-Vesuvius” (Rosi et 
al., 1987a), is used as reference to locate and identify the current exposures of the lavas 
and the currently accepted lava flow paths.  This map was produced using historic maps 
and field studies, and shows not only the geological units, but also the population centres 
and infrastructure.  This is a valuable resource and is used as the primary reference 
material in constructing the new lava flow maps for the effusive eruptive history.     
 
Another very accurate and complete map is the “Geological Map: Monte Somma and 
Vesuvius” (Figure 2-5) compiled by Johnston-Lavis during the years 1880-1888.  Johnston-
Lavis (1891) produced this showing both the flow extents and structures within the flows.  
This is considered a very reliable map, and is particularly useful for distinguishing the 
flows of the 1800s.  Lateral and flank vents are also illustrated, allowing for clear 
identification of the vent location and determination of flow lengths.  One negative 
aspect is that the flows are not distinguished from each other through colour, in some 
cases making it difficult to trace flow paths.  Similar to the Johnston-Lavis (1891) map, is 
the map of Alfano and Friedlaender (1929) (Figure 2-7). This was produced accompanying 
their eruptive history text “Der Vesuv” and the similarity is that it is very complete but 
does not easily distinguish between the flows. 
 
The maps of Phillips (1869) are also examined.  The map “Rappresentazione cartografica 
di manifestazioni effusive avvenute nel periodo 1700-1771” shows the flows colour-coded 
by century, and although not individually identified, it is possible to recognize the 
majority of flows through comparison with the aforementioned maps and historic texts.   
Another map in Phillips (1869), “Distribuzione delle colate laviche del 1737, 1760, 1767 e 
1771”, is far less accurate, but still of use in showing the direction of flows and to give an 
estimate of the relative size of the flow fields (Figure 2-6). 
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Further maps are used for interpretation and analysis and the construction of the lava 
flow maps, and these are shown in the Map Appendix.  
 
Figure 2-5: The SW section of the map of Johnston-Lavis (1891).  Flows are all shown in orange, 
but they are clearly outlined and dated. 
 
 
Figure 2-6: Phillips (1869).  Here the flows are given some detail and are shown colour-coded by 
century, broadly indicating a similar spread of effusive activity throughout the centuries. 
 50 
 
2.2.3 Comparison of Maps 
As expected, many flows are similar in all maps, however variations do occur with: 
- Absence of flows 
- Change of position  
- Differences in exposure  
- Misidentification  
 
Older maps are useful for illustrating exposures of flows that are no longer visible or that 
have been removed through quarrying or burial by subsequent flows.  The historic maps 
therefore allow for observations of the original shape and size of the flow-fields, as for 
example in Figure 2-8.  Here the exposure of the 1850 lavas in Rosi et al. (1987a) are very 
small and discrete (2), and could be interpreted as multiple narrow flows, whilst in 
Johnston-Lavis (1891) a more complete flow is seen (1), as this was mapped prior to 
subsequent eruptions which partially buried this flow.  It is therefore possible to identify 
that the 1850 flow was relatively wide and branching.   
Figure 2-7: Portion of a 
map from Alfano and 
Friedlaender (1929).  
This is very detailed, 
useful particularly for 
the flows of the 1800s. 
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Figure 2-8: The 1850 lava flow as in Johnston-Lavis (1891) (1) and Rosi et al. (1987a) (2), 
demonstrating the variable detail amongst the maps.  
 
As there were almost continuous lava effusions during the last eruptive period, it is rare 
to find the whole flow visible either on a map or in the field.  This is particularly relevant 
at the summit and within the Somma caldera, where many flows have been entirely 
obscured by subsequent lavas.   Figure 2-8 can also be used to illustrate the frequent 
absence of the proximal section of the flow, as in these maps only the distal ends can be 
seen in the SE sector of the volcano, when the 1850 flow in fact originated from a fracture 
on the NE side of the Vesuvius cone.  In this case it is possible, through historical 
documentation, to extrapolate the flow to the inferred location of the eruptive fissure, 
following the topography with the flow channelled by the Somma walls (Figure 2-9).  By 
area, approximately 53% of the flow is estimated here, with the other 47% believed 
accurate as per the map of Johnston-Lavis (1891), however this demonstrates how 
significant portions of the lavas may be absent from all maps. 
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Figure 2-9: The 1850 flow, extrapolated to the eruptive fissures described in the historic literature 
on the NE side of the Vesuvius cone.  The flows are extrapolated within the caldera based on their 
origin, the literature derived flow direction and the shape of the caldera channelling the lavas.  
 
Flows are often present on several maps, however through the comparison of these, 
occasionally shifts in the flow locations are observed.  This can be rectified through study 
of the literature and field studies where outcrops are still present.  The displacement is 
often very small, but in some cases can be fairly significant (Figure 2-10). 
 
There is only one instance of conflicting identification of flows.  This occurs with the 1804, 
1805 and 1806 eruptions, when a number of flows following similar paths formed in a 
small area to the S.  In this case Johnston-Lavis (1891) ascribes certain flows to 1804, 
whilst others, including Rosi et al. (1987a), label these as 1806 flows.  In order to identify 
the correct sequence of dates it is necessary to look in the literature and to compare as 
many maps as possible.  In many cases, particularly with a number of maps being sourced 
through the internet, the labelling of the flows is unclear due to resolution of the images, 
which again can be resolved to some degree through study of the written record and of 
other maps and images. 
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Figure 2-10: An example of the inconsistency between the placements of the lava flows on 
different maps, with the 1737 flow shown in slightly different locations and with a small 
difference in shape and size.  The orange flow is the 1737 lava as shown on Rosi et al. (1987a) and 
pink is as seen on the Phillips (1869) map. 
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2.3 Examination of Historical Illustrations 
Throughout the period 1631 to 1944 the Vesuvian activity was documented through 
artwork as well as maps.  Artists flocked to the volcano to illustrate the dramatic scenes 
occurring, and scientists and scholars produced many diagrams and illustrations during 
their investigations of volcanic activity.  Although the majority of images were not 
intended for scientific use, the wealth of historical illustrations allows for interpretation of 
the activity over time, and these are used in conjunction with the maps and texts to 
construct the effusive eruptive history and lava flow maps.  
 
2.3.1 Limitations of Illustrations 
As with the historic maps, the accuracy and reliability of the historical illustrations is 
highly variable, with the following issues observed: 
- Absence of labels 
- Absence of any scale  
- Artistic licence applied 
 
Not all historic images were drawn concurrent with the eruption that they show, with 
some based on second-hand accounts of the activity or memory.  This makes these less 
reliable, but still useful in comparison and confirmation of events. 
 
The majority of images are paintings of Vesuvius in various states of eruption, and were 
drawn as dramatic artwork, postcards and stamps.  As such, most cannot be considered 
as accurate, detailed scientific diagrams, with no labels or scale bars.  In addition to this, 
some images are stylised, and some show exaggerated activity.  A number of more 
accurate and detailed diagrams were produced complete with labels and scales, and 
often also texts detailing the activity.  These are more reliable for interpretation, and 
allow for the deduction of data regarding the activity and flow-field morphology.  An 
example of the difference between the two styles is shown in Figure 2-11. 
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Figure 2-11: Examples of image quality and scientific detail variety. (Top) A typical artistic painting 
of the 1794 eruption (in Lirer et al. (2005)). (Bottom) A detailed labelled diagram of the 1751 
eruption (Mercatti, in Alfano and Friedlaender (1929)).  Data can be gathered from both images. 
(Top) Summit activity, and a lava flow reaching the coast west of Camaldoli.  (Bottom) A branching 
flow from lateral vents, with minor summit activity. 
 
2.3.2 Principal Sources of Illustrations 
One of the main sources of imagery used is the work of Alfano and Friedlaender (1929) 
who compiled the eruptive history and provides an incredible resource of coloured and 
greyscale illustrations of activity.  The focus of their book is the historic activity post-1631.  
 
Another useful source of scientific diagrams is Phillips (1869), in which the scientific text is 
illustrated with accompanying explanatory diagrams illustrating vent formation, eruptive 
activity and lava flow development.  Lorenzo (1931) is also a useful, illustrated text. 
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A very good resource, by Lirer et al. (2005), was published during the undertaking of this 
research project, and is beneficial to this work with a thorough eruptive history, including 
historical images and maps. 
 
A modern resource that must not be ignored is the internet, on which large numbers of 
historical illustrations are available, on sites specific to Vesuvius and through auction sites 
and art dealers.  Two particularly important sources of images online are The Vesuvius 
Picture Gallery http://www.dst.unina.it/vesuvio/quadreriahome.html and Stromboli 
Online http://www.swisseduc.ch/stromboli/perm/vesuv/index-en.html.  Both contain 
many pictures of the last period of activity.  Not all online images have the associated 
artists and dates listed, and in some cases have incorrect details attributed, and a number 
of examples can be found of one image being attributed to several eruptions.  The 
internet is however a good source of imagery, as long as care is taken to identify accurate 
information.   
 
2.3.3 Analysis of Imagery 
After the identification of the eruption depicted, and whilst allowing for artistic licence 
(e.g. Figure 2-12) most of the images can be of some use, because even without a 
completely accurate representation, it is still possible to gather or confirm information.  
Through the comparison of the images, maps and written data, the identification of 
activity style, eruptive vents and flow extents is possible, with each document acting as 
supporting evidence. 
 
Figure 2-12: Image of the 1868 eruption by an unknown artist in Lirer et al. (2005).  This is an 
example of a stylised image. Information such the overflow of lavas to the NW can be gleaned. 
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2.3.4 Map and Historic Image Appendix 
Most available maps and illustrations produced during the period 1631-1944 are given in 
appendices to this thesis (Appendix CD).  This is an exhaustive catalogue of images 
focussed on the effusive activity.  Further images are available, particularly through Lirer 
et al. (2005).     
 
Map Appendix  
This appendix provides maps split by century (Pre-1600s, 1600s, 1700s, 1800s and 1900s), 
based on date of activity shown rather than year produced.  Some observations and 
interpretations are given with each map. 
 
Historical Image Appendix 
This appendix is compiled of the historic images documenting effusive and non-summit 
vent activity.  The images are split by century (as in the map appendix) and given in 
chronological order.  Comments are included to highlight information gathered.  
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2.4 Historic and Modern Literature Pertaining to the Eruptive 
History 
The AD79 eruption of Somma-Vesuvius was the first eruption in the world to receive a 
detailed scientific description, with Pliny the Younger providing an account of the 
explosive phases and accompanying products.  For the millennia since this eruption, this 
volcano has been the subject of much study and speculation.  Even as early as the 1700s, 
Hamilton (1795) commented on the amount of literature being produced, and its 
importance to the understanding of processes and the formation of a historical record:  
“Every day produces some new publication relative to the late tremendous eruption of 
Mount Vesuvius, so that the various phenomena that attended it will be found on record 
in either one or other of these publications, and are not in danger of being passed over 
and forgotten, as they were formerly, when the study of natural history was either totally 
neglected, or treated in a manner very unworthy of the great author of nature.”   
 
Indeed, between AD79 and 1631, reports are scarce and incomplete.  Both Newhall and 
Self (1982) and Simkin (1993) raise the issue of less complete records of smaller and older 
eruptions (worldwide), with uncertainty regarding activity increasing further back in time.  
As such, early reports at Vesuvius are rare and often focus on the most fear-inspiring 
events, however, documents become more numerous with time, with newspapers, 
scientific studies and tourist observations post-1631 increasing the available data.   
 
Today, nearly 70 years since the last eruption, Somma-Vesuvius is still the subject of 
regular new books, and is the subject of intense scientific research in the recognition of 
the potential renewal of activity with a huge population in eruptive range.  A detailed 
chronology of the activity of Vesuvius is possible due to the contemporary chronicles 
prepared during most activity since AD79.  The most recent period of activity, 1631 to 
1944, the subject of this research project, was chronicled by large numbers of observers 
in a highly detailed manner.   
 
The principal sources of information for this thesis are Auldjo (1832), Lobley (1868), 
Phillips (1869), Alfano and Friedlaender (1929), Arnó et al. (1987), Principe et al. (1987), 
Scandone et al. (1993), and Lirer et al. (2005), all of whom produced collations of the 
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eruptive history, often drawing on Baratta (1897) and Carta et al., (1981).  Each of these 
differ slightly from one another.   
 
Further sources are used, but these particular references provide reliable and 
comprehensive anthologies of eruptive history information.  There are many early works 
that are discussed within these references that are available and were studied in the 
British Library (many of which are now available as Google Ebooks), however with early 
texts often in old Latin (principal texts being Recupito (1633), (1639, 1644); Italian 
(principal texts being Lirer et al. (2005), Sorrentino (1734), Paragallo (1705), Serao (1743), 
Della Torre (1755), de Bottis (1786)), French (particularly Le Hon (1865b),Le Hon (1866)); 
or German (Roth (1857), Alfano and Friedlaender (1929)).  The translation and 
interpretation of these texts is problematic, with Scandone et al. (1993) describing this 
problem in relation to the Italian texts.   
 
These texts have been examined and sections translated, however with many more 
modern authors referring to earlier texts much information is gathered through the 
English anthologies of work, however the Italian and German texts by Lirer et al. (2005) 
and Alfano and Friedlaender (1929) have been translated and are extensively used. 
Auldjo (1832) “Sketches of Vesuvius with Short Accounts of its Principal Eruptions from 
the Commencement of the Christian Era to the Present Time” discusses the pre-1631 
activity and provides concise descriptions and some illustrations of eruptions from 1631 
to the time of publication of the text, with more detailed information regarding the more 
recent activity.  Lobley (1868) “Mount Vesuvius: A Descriptive, Historical, and Geological 
Account of the Volcano, with A Notice of the Recent Eruption” provides similar brief 
descriptions of the activity, with a detailed account of the 1868 eruption.  Phillips (1869) 
“Vesuvius” and Alfano and Friedlaender (1929) “Die Geschichte des Vesuv: Illustriert nach 
gleichzeitigen Urkunden” are both very thorough, providing detailed descriptive works 
complete with numerous diagrams, illustrations and maps.  Both these texts supply a 
methodical review of the eruptive history, and much information is derived from these 
for the completion of the effusive eruptive history in this project. 
 
The modern collections of eruptive history data found in papers within Santacroce (1987) 
(particularly Arnó et al. (1987) and Principe et al. (1987)), and Scandone et al. (1993), 
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again provide details of the activity throughout the life of the volcano, and importantly 
provide a modern interpretation of the eruptive history.  These texts reliably detail the 
events, with timings and estimations of volumes of products where possible.  The 
eruptive history table of Scandone et al. (1993) differs from Arnó et al. (1987) with the 
assignment of VEI values and some changes to eruption details. The text of Lirer et al. 
(2005) “Il Vesuvio: Ieri, Oggi, Domani” is a valuable resource for the study of the eruptive 
history.   
 
Here, the history is compiled with a wealth of maps and images, with timings and activity 
styles explored.  As was an aim of this study, Lirer et al. (2005) constructed maps for the 
most notable of eruptions, using arrows to depict the direction and relative size of the 
lava flows.  The maps of Lirer et al. (2005) are less detailed than those of this thesis and 
they show only a small proportion of the eruptions, however the text of Lirer et al. (2005) 
provides a very detailed description of all activity and has been a significant resource.     
 
It is advantageous to study historic accounts over the centuries to gain a good 
understanding of the history, and to ensure that more modern anthologies of information 
are correct in their translation or interpretation of earlier works, and to ensure that 
reliable sources are used to gather data.  In this study, these anthologies and accounts are 
examined and collated in conjunction with the maps and images to provide a thorough 
effusive history.  This is given as an appendix, and is analysed qualitatively in Chapter 3 
and quantitatively in Chapter 4. 
 
It is important to note that the eruptive history compiled in this thesis differs from the 
references given here, in that the focus is on the effusive activity, in the provision of a 
thorough map and image appendix, and in the production of interpretative maps for all 
lava flow activity throughout the period 1631 to 1944, but that this is only possible 
through the availability of these other vital works.     
 
2.4.1 Effusive Eruptive History Appendix 
This appendix (Appendix 2) provides information for each eruption or phase during the 
period 1631-1944.  Firstly, the dates of activity are given as in Scandone et al. (1993), with 
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some alterations undertaken on the basis of the written descriptions, which is explained 
in the accompanying text.   A description of the events is then given.  The principal texts 
discussed previously are used, with subsidiary accounts used for additional information 
where possible.  Explosive activity is only briefly discussed, as this is not the focus of this 
study.     
 
Secondly, a map of the lavas is provided.  Each lava flow described is shown on the map 
for the given period, and any eruptive vents described are also shown.  The information 
gathered from the maps and literature is given in the Eruptive History table, in the 
Appendix.  A further appendix is gathered from this information, providing maps of the 
lateral and flank vents for each period.      
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2.5 Reconstructing the Lava Flow-Fields 
A map has been produced for each eruptive event involving lava effusion during the 
period 1631-1944 and are presented in Appendix 2.  These have been created based upon 
the historic maps and images, and using the written eruptive history as discussed 
previously.  The maps are constructed to provide an illustrated effusive eruptive history 
and show every lava flow emplaced outside of the crater, from the long flows which 
reached the coast, to the minor overflows restricted to the upper cone.  The maps are 
drawn as accurately as possible, however, often there is little information available 
beyond flow direction, and as such many flows are extrapolated and inferred.  The lava 
flow maps are given individually by eruption in Appendix 2, and are compiled to show all 
flows (Figure 3-3), and flows from the summit, lateral and flank vents (Figure 3-9, Figure 
3-13 and Figure 3-19 respectively).   
 
The lava flow maps are compiled in Corel Draw 12, which allows for different layers of 
imaging.  Several maps can be overlain in order to compare the different representations, 
and to delineate a final representation of the flows.  Each flow is put on a simple base 
map that has been assembled from Rosi et al. (1987a), showing the current Somma rim, 
the crater of Gran Cono (Vesuvius), the Camaldoli della Torre cinder cone to the S, the 
coastline and the location of the towns of Torre del Greco and Torre Annunziata.   
 
The location of the lavas and vents are often described using the terms cone, conelet and 
flanks (Figure 2-13).  In this thesis, we use the term ‘cone’ to refer to the Gran Cono; that 
is the cone of Vesuvius itself.  The ‘conelet’ is the spatter or scoria cone within the crater 
of the Gran Cono (Figure 2-13).  The flanks of the volcano are those outside the Somma 
caldera rim, whilst Somma refers to the remains of the Somma edifice encircling Vesuvius 
to the N.   
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Figure 2-13: Diagrammatic representation of Somma-Vesuvius, showing the conelet in the crater 
of the Vesuvius cone, within the Somma caldera. 
 
The lava flow maps are assembled either:  
- As seen on pre-existing maps on which the whole flow is visible 
- As seen on pre-existing maps, and extrapolated to the origin vent or most distal 
point 
- Through extrapolation and estimation based on written documentation 
 
With varying amounts of information available for each lava flow, the maps compiled 
here may be partially or fully inferred.  In some cases, the entire lava flow is present on 
pre-existing maps, whether that is the modern map of Rosi et al. (1987a) or an earlier 
one, and in these instances the flow is redrawn as seen, unless contradictory to the 
written activity records.   
 
In most cases only part of a flow is seen on the pre-existing maps, and here the flow is 
extrapolated through comparison of the available maps, historic literature and 
information on vent location.  This extrapolation frequently only includes the addition of 
the upper portions of the flow proximal to the vent, as the distal ends are normally visible 
on Rosi et al. (1987a).  However, in some cases, it is necessary to reconstruct the flow-
 64 
field from small outcrops of mapped lavas and the literature, with a higher degree of 
uncertainty. 
 
Written records describe some eruptions as having multiple flows, while the associated 
maps may show only a single flow.  This can indicate that these additional flows were not 
laterally extensive, however it is important to include all flows associated with each 
period of activity for the purposes of performing calculations of volumes and to gather a 
more accurate view of events.  In these cases, flows are added to the map extrapolated 
from the literature and images available.  Where no lateral extent is available, flows are 
drawn based upon the direction and vent location where given, using standard assumed 
flows.  These standard flows derived here have been used to ensure consistency 
throughout the production of the maps when precise information is unavailable and are 
as follows: 
- Standard overflow: Small flow restricted to the Gran Cono with an area of 0.07km2 
- Standard lateral flow: Restricted to the caldera with an area of 0.14km2 
 
Figure 2-14: Standard overflows and flows from lateral fractures. 
 
The standard overflow is derived from knowledge of other overflows, with flow length 
well constrained to an upper limit of ~1km due to the description of small overflows 
produced during periods of persistent effusive activity being restricted to the cone, 
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without reaching extensive widths or the caldera floor.  The widths and other properties 
are much less well constrained than length.  The shape of the standard overflow is based 
on their origin at notches in the crater rim, with common spreading of distal flow ends.  
 
The standard lateral flow is based on the assumption that these flows were restricted to 
the caldera, with increased probability of reports documenting the flows had they 
reached lower altitudes.  It is also based on the apparent increased size in comparison to 
overflows, and is therefore taken as twice the size of an overflow (Figure 2-14).  These 
standard flows are included to give a more accurate visual portrayal of effusive activity, 
and to indicate the direction and relative size of the flows.  These fully inferred flows are 
not used in calculations of quantitative measures such as lengths or volumes.   
 
Some of these unmapped flows are accounted for in the maps of Lirer et al. (2005), where 
arrows are used to indicate approximate lava paths.  All eruptions are included here, and 
it is advantageous to adopt the standard inferred flows, to better provide a visual 
representation of activity, and to account for all the known occurrences of lava 
movement outside of the crater.   
 
The exact location of the source vent in each eruption is not always certain, with 
chronicles frequently only giving the sector of the edifice that the vent formed in rather 
than a precise location, however this allows for the extrapolation of the flow to the 
appropriate flank of the volcano.  It also allows for the determination of whether the vent 
formed as a flank, lateral or sub-terminal vent.     
 
Every attempt has been made to ensure the maps are as accurate as possible, however it 
must be understood that the majority of the small flows are based on little information 
and are therefore not precise in their shapes and dimensions, and that there will be an 
aspect of human error in measurements and illustrations.  Of the maps, 37% are inferred 
and 61% are partially extrapolated, whether that be with the addition of a standard 
inferred flow or the addition of part of the main flow.  Colour coding in the maps is used 
to indicate known and inferred sections.  These flow maps do allow for comparison of 
overall flow number, location and size and can be viewed as an interpretive illustrated 
history of effusive events.  
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Chapter 3:  A Qualitative Account of the Effusive 
Eruptive History 
 
In this chapter the compiled effusive history for 1631 to 1944 (Eruptive History Appendix) 
is further examined, to explore how activity varied with time and by vent location; 
illustrating the lava flow-fields produced at the summit of Vesuvius, from lateral vents 
within the Somma caldera, and from flank vents at lower altitudes on the volcano.  
Through this analysis we can gain a qualitative understanding of how lava-flows vary with 
vent location and can begin to understand the proportion of activity which results in 
extensive flows, which would now impact populated areas.  An overview of the full 
eruptive history of Somma-Vesuvius is presented to understand the growth and 
development of this volcano and the range of activity seen here in the past.  This helps to 
develop an understanding of what activity could be expected with a new eruptive phase.    
 
3.1 Eruptive History 
3.1.1 Activity Overview 
Somma-Vesuvius has been active for over 30,000 years, with lavas from this age identified 
in a deep well in Somma (Arnó et al., 1987).  The oldest identified event, the Codola 
Plinian eruption of 25ka BP (Arnó et al., 1987) is the first known eruption of a sequence of 
Plinian events, interspersed by repose periods and open conduit periods in which effusive 
and explosive activity occurred (Fulignati et al., 2004a).   
 
Cioni et al. (1999) examine the formation of the Somma caldera, and discuss the activity 
sequence, which is summarised as below (modified from Scandone et al. (2008)):  
- 1st stage:  Growth of Somma mainly through effusive eruptions. At 33-23Ka BP the 
Codola Plinian event occurs (25ka BP in Arnó et al. (1987), Kilburn and McGuire 
(2001)). 
- 2nd stage:  Early caldera formation with the Plinian eruptions of the Basal pumice 
at 17ka BP, the Novelle (Greenish) eruption at 15ka BP, and Mercato at 8.4 - 8ka 
BP) and minor inter-Plinian activity. It is suggested that activity may have occurred 
outside the caldera.  The Basal pumice is also known as the Sarno or Pomici di 
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Base eruption, and Mercato is known as the Ottaviano eruption (Cioni et al., 1999, 
Kilburn and McGuire, 2001).   
- 3rd stage:  Transitional stage with growth of the caldera through two Plinian 
eruptions (Avellino Pumice at 3.5ka BP, and Pompeii at 79AD), and an increased 
number of inter-Plinian eruptions.  Prior to 79AD (from 3.5ka BP) these were 
predominantly explosive, and after 79AD they became more frequently effusive, 
with 2 sub-Plinian events in 512AD and 1631AD.  The post-1631 activity is 
primarily effusive 
 
The occurrence of inter-Plinian activity, principally comprising effusive events, is hard to 
determine with accuracy before the proliferation of written accounts due to the burial 
and destruction during subsequent eruptions.  This blurs the definition between the 2nd 
and 3rd stages, with older inter-Plinian activity more difficult to discern.  Activity of both 
effusive and explosive styles are identified to 17ka BP through inter-bedded volcanic 
products, with a similar alternation between Plinian and effusive events possible to 25ka 
BP (Arnó et al., 1987).   
 
During the early 3rd stage, Scandone and Giacomelli (2008) state that no historic 
eruptions are recorded prior to AD79, indicating a long quiescent period.   Rolandi et al. 
(1998) and references therein however describe activity in this period, with inter-Plinian 
events between Avellino and Pompeii comprising: an eruption between 1800BC and the 
end of the 9th Century BC, another in the 7th Century BC, a possible event in 1790BC, five 
phreatomagmatic events in around 2700 BP and an explosive event in around 800BC.  
There is evidence of an eruption in 216BC in a poem by Silius Italicus (Scandone et al., 
2008), which Rolandi et al. (1998) also discusses in addition to evidence provided in 
Stothers and Rampino (1983) from Livy, who described a dry fog and reduction in 
daylight, and use these to indicate an eruption in 217BC or 216BC.  
 
With the change at AD79 from primarily explosive to more effusive activity; the 3rd stage 
could be divided at this point to give a 4th stage, however the activity is divided into three 
phases as follows;  a) late Roman activity from AD79 to 472 (Principe et al., 2004); b) 
medieval activity from 472 to 1631 (Rolandi et al., 1998); and, c) historical activity, post-
1631 (Kilburn and McGuire, 2001).  This activity is discussed here and summarised in  
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Table 3-1.  First the Somma collapse and Vesuvius growth is discussed, as this spans the 
2nd and early 3rd stage.  
3.1.2 Destruction of Somma and Growth of Vesuvius 
The arcuate scarp of the collapsed Somma volcano borders the Vesuvius cone to the N, 
channelling volcanic products towards the S (Milia et al., 1998, Acocella et al., 2009).  The 
original edifice, Somma, is extrapolated from its remnants to a height of 1600-1900m 
(Cioni et al., 1999), and from an image in Nazzaro (1997) to have reached 1600m 
(discussed further in Chapter 7).  Acocella et al. (2009) suggest that the Somma caldera 
formed during a multi-stage collapse between ~22ka BP and 79AD.  This supports Cioni et 
al. (1999) who determine through pyroclastic deposits that the caldera collapse occurred 
in stages during four Plinian eruptions; the Pomici di Base; the Mercato eruption; the 
Avellino eruption and the Pompeii eruption.  Milia et al. (1998) suggest a single-stage 
collapse, similar to the 1980 St. Helens collapse, at 17ka BP with an intrusion steepening 
the S side of the edifice causing instability and sector collapse.  If such a collapse had 
occurred, the remains would be expected to be visible as hummocky topography low on 
the flanks and off-shore.  As such remains are not present weight is given to the argument 
of incremental destruction.   
 
The account in Lobley (1868) indicates that the Somma volcano had yet to undergo 
collapse in Roman times, with the description of the edifice as a “truncated cone…for the 
present great cone of Vesuvius did not at that time exist, and the semicircular ridge of 
Somma…then extended quite round the area on which the cone now stands, forming a 
complete circle”.  A similar description and illustration of a truncated cone in 63BC is given 
in Phillips (1869) from Strabo (Figure 3-1).    
 
Although the exact timing of collapse is debated, certainly the Somma caldera had 
formed by the end of the AD79 eruption.  Rolandi et al. (1998) suggest that the Vesuvius 
cone did not grow within the caldera until the inter-Plinian period of frequent, low 
explosivity eruptions post-AD472.  This is supported and refined by studies by Principe et 
al. (2004) who showed that effusive activity between AD79 and 1631 was concentrated 
between AD-787 and 1139 and followed by 500 years of repose leading up to the 1631 
event.  Principe et al. (2004) however also state that historical reports describing 
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intra-caldera lava and spatter emission would support the growth of the cone from 
around AD172.   
 
Cioni et al. (1999) refine the periods of cone formation, indicating growth occurred 
primarily in the first to the third centuries, from AD472 into the eighth century; in the 
tenth to twelfth centuries, and also post-1631.  Based on accounts by Boccaccio (1353) in 
Alfano (1924), Principe et al. (2004) confirm that a cone below the height of Somma, with 
a large crater was present after the 1139 eruption. 
 
 
Figure 3-1: Structure of Somma-Vesuvius from BC63 to 1868 (Phillips (1869)). 
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3.1.3 Late Roman Activity 
The most famous eruption of Somma-Vesuvius occurred in AD79, destroying the cities of 
Pompeii and Herculaneum through a Plinian eruption producing extensive pyroclastic 
flows and tephra fall.  Rolandi et al. (1998) do not identify any lava flows between AD79 
and 474 during stratigraphic studies, however this may be due to the positioning of the 
investigative sites at considerable distances from the cone to the E and N of Vesuvius 
(areas protected from lava flows through the presence of Somma).  Principe et al. (2004) 
corroborate the account of Rolandi et al. (1998) stating that there are no reports of lava 
for this time, and that activity was likely restricted to explosive events until AD685.  
Principe et al. (2004) however also provide details indicating Strombolian activity and 
possible lava effusion during this period.  It can be inferred through the recent activity 
that some effusion did occur, with flows restricted to the crater and upper cone.   
 
Whilst effusive activity is uncertain, explosive activity is identified as occurring between 
the Pompeii and Pollena (AD472) eruptions, with a possible Strombolian eruption in 
AD172.  Rolandi et al. (1998) cite Galeno (1609) who references an author from the 3rd 
Century AD in reporting ash at this time.  An eruption in AD203 is identified through the 
writings of Dio Cassius (in Phillips (1869), Rolandi et al. (1998)) in which Strombolian 
activity is evident through “deep rumbles” and “enormous fire” and ongoing Strombolian 
activity during AD222-235 with “smoke... flames... ashes... stones... and rumbles...”.  
Further activity in AD305 and AD321 is dismissed by Rolandi et al. (1998) who infer from 
the lack of stratigraphic evidence and literary support, that the mixed effusive and 
explosive activity described did not occur.   
 
Activity in the early 4th century should not be dismissed based on the lack of stratigraphic 
evidence alone, as activity at this time is supported by the literature.  Laterally extensive 
deposits would not be produced during small scale activity.  
 
3.1.4 Medieval Activity 
The activity of 472 to 1631 approximately coincides with the Middle Ages (476 to 1492), 
and is therefore referred to as Medieval activity (Principe et al., 2004). 
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The 472AD Pollena eruption was either Plinian or sub-Plinian in size.  Rolandi et al. (1998) 
describe this eruption as Plinian, generating pyroclastic flows and surges, debris flows, 
lahars and tephra fall, and suggest it was only less destructive than the AD79 eruption 
due to the lower population in the region.  Principe et al. (2004) and Rosi and Santacroce 
(1983) describe this as a “small-scale Plinian eruption”, although suggest that such an 
eruption today would have “apocalyptic consequences” (Rosi and Santacroce, 1983).  
Arnó et al. (1987) describe it as comprising the same sequence of events as previous 
Plinian eruptions at Vesuvius, but with significantly lower volumes, and in correlation with 
this many other texts describe it as a sub-Plinian eruption (e.g. Kilburn and McGuire 
(2001)).  The exact dating of the 472 eruption is questioned, with historic chronicles 
dating the eruption at different times between 469 and 474, and archaeologists have 
suggested that in fact the eruption occurred several decades after 472 (Scarth, 2009).   
 
Effusive and Strombolian activity is described post-472, though only a few eruptions are 
verified.  Rolandi et al. (1998) identify four Strombolian-phreatomagmatic events during 
this time, building up a summit cone similar to Gran Cono.  Principe et al. (2004) deduce 
that an explosive eruption took place in AD536 based on contemporary writings of the 
darkening of the skies and lowering of temperatures in Mesopotamia and Constantinople 
as reported by Stothers and Rampino (1983).  However, there was in fact a worldwide 
darkening and cooling at this time that would only be expected from a large explosive 
Plinian to ultra-Plinian eruption, suggested by Larsen et al. (2008) to have occurred from a 
volcano near the equator.  Indeed, Scarth (2009) has identified through the writings of 
Procopius of Caesarea that there was no explosive outburst in AD536, but states that 
“precursory activity” did occur.  In fact, the description provided in Scarth (2009) of lavas 
in the crater where “..flames merely twist and turn upon one another, and they thus cause 
no trouble to the inhabitants of the region”, indicates minor intracrateric effusive activity 
like that commonly observed during 1631 to 1944.  The AD 512 and 685 eruptions 
comprised lava effusion, ash clouds and volcanic bombs, with lavas reaching the sea near 
Torre del Greco in 685 (Principe et al., 2004, Scarth, 2009).  These lavas are now buried 
beneath Torre del Greco and are therefore inaccessible for accurate dating (Tanguy et al., 
2003).   
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Rolandi et al. (1998) states that the eruption in AD785 was more explosive with dense ash 
clouds and scoria, however Principe et al. (2004) and Scarth (2009) do not report an 
eruption in this year, but instead in AD787, adding that this had a significant effusive 
component, with lavas flowing from the summit crater towards the sea.   
 
Scarth (2009) infers that Somma-Vesuvius entered a semi-persistent activity period in 787 
lasting until AD1139, in which the Vesuvian cone underwent construction through the 
accumulation of spatter and cinders around the central vent, with copious effusions of 
lavas from the summit and also from flank vents to the S.  Eruptions between AD850 and 
950 produced lavas that extended towards the coastline, forming Le Mortelle E of Torre 
del Greco, and other outcrops on the coast between Torre Annunziata and Portici (Scarth, 
2009).  At this time, the Tironi flank cones formed with lavas that reached the coast to the 
SW (Scarth, 2009).   
 
Principe et al. (2004) report that the AD 968, 999 and 1037 events included lava effusion, 
but the 1006-1007 and 1139 eruptions were purely explosive.  Scarth (2009) describes 
how the historic documents regarding the 968 eruption report “resinous and sulphurous 
materials” indicating lava flows which rapidly reached the sea at Torre Bassano.  An 
additional eruption is recorded by Phillips (1869) in 993, but no further details are 
provided.  The 999 eruption formed the Viulo and Fossamonaca cones on the S flanks 
which emitted a lava flow reaching the sea W of Torre Annunziata  (Scarth, 2009).  Whilst 
Principe et al. (2004) inferred that the 1006-1007 eruption did not produce lavas, though 
suggest it is possible, Scarth (2009) and Rolandi et al. (1998) propose that lavas W of 
Torre Annunziata at the Scogli di Prota promontory formed during this event.  An 
eruption in 1036 is described with lavas reaching the sea issued “from the sides as well as 
from the summit” (Blewitt, 1853), which may be the same eruption described in 1037 in 
Scarth (2009) where a flank eruption occurred 4km NE of Torre del Greco forming the 
three Monticelli cones with lavas entering the Villa Inglese W of Torre Annunziata.   
 
Lava flows are described as reaching the sea in 1049 (Blewitt, 1853, Phillips, 1869). Scarth 
(2009) discussed a report by Amato of Montecassino which states “On the slope of the 
mountain, a cavity appeared that no-one had ever seen before, and a river of boiling 
water poured from it continuously for 15 days.  Wherever this water flowed, it dried up 
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and burned the ground and the trees with its heat” and infers that this is descriptive of an 
eruption between 1068 and 1078 with the emission of a lava flow.  Though Scarth (2009) 
does not draw a conclusion from the description of the “cavity” that appeared, this may 
represent the opening of a flank vent.  Scandone et al. (1993) also describe activity 
between 1068 and 1078.  The 1139 eruption produced three lava flows from the summit, 
to the W, S and SE (Scarth, 2009), although Principe et al. (2004) do not associate lava 
flows with this event.  Scarth (2009) states that after the 1139 eruption Vesuvius entered 
a period of repose.  This is uncertain, with a description of “incandescent materials from 
the main crater” in 1150 (Principe et al. (2004) and references therein).  Principe et al. 
(2004) state that after this the sources in Alfano (1924) do not specifically refer to 
Vesuvius, only to a “mountain near Naples”, and only make some references to “flames in 
the crater, visible especially at night”.  Principe et al. (2004) suggests that these “flames” 
may not represent Strombolian activity, but instead are the ignition of fumarolic gases.  
Though this theory is feasible, and despite the lack of further historic accounts or 
stratigraphic evidence, the potential of eruptive activity during this time should not be 
eliminated, as it may represent a period of low-intensity effusive activity with constrained 
deposits.   
 
There is some confusion over a possible eruption in 1306 with lavas to the sea which is 
discussed in a number of texts.  Principe et al. (2004) explain that Alfano (1924) deduced 
that the original text of Alberti (1568) was in fact discussing the 1036 eruption and not 
the 1306 eruption.  If this is correct, then the summit-flank eruption of 1036 (or 1037) 
resulted in a crater described in Blewitt (1853) as “5 miles in circumference, and 1000 
paces deep”. 
 
Principe et al. (2004) infer a period of quiescence from 1139 to 1631, suggesting that an 
eruption described by Leone Ambrosio (1514) in 1500 had no further supporting 
documentation, with Braccini (1632) also debating its occurrence.  Guidoboni and Boschi 
(2006) and Scandone et al. (2008) also discuss this long period of repose, possibly 
interrupted by the 1500 eruption and another event in 1571, and Phillips (1869) also 
suggests that Vesuvius entered repose from 1139, but states how there are accounts of 
activity in 1306 and 1500, which, as discussed, are debatable.   Guidoboni and Boschi 
(2006) in fact identify work by Ligorio (1571), which explicitly depicts intracrateric activity 
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in 1571.  The activity described is weak, expelling small quantities of ash in activity likely 
to be weak Strombolian events, with fluctuating levels of intensity.  This suggests the 
maximum repose period prior to 1631 was 60 years, and may have serious implications 
regarding the current 68 year repose period and the possibility of renewed activity. 
 
Almost 
Certain 
Activity 
Unverified or 
Wrongly Dated 
Notes Included Effusive 
Phase 
AD 79  Violent Plinian, paroxysmal  
AD 172  Violent Strombolian, persistent  
AD 203  Strombolian, intense Yes* 
AD 222-235  Strombolian, persistent  
 AD 305, 321 Possible moderate Strombolian  
AD 379-395  Mild, fumarolic, possible lava. 
Persistent 
Yes* 
AD 472  Plinian, paroxysmal  
AD 512 AD 473, 474 Strombolian, persistent Yes 
AD 536  Intracrateric lavas Yes 
AD 685 AD 536, 556, 557, 646, 
651 
Strong Strombolian+, possible lava 
to the sea, paroxysmal 
Yes 
AD 787 AD 748, 760, 769, 785 Strombolian/effusive, fountains and 
long flows, intense 
Yes 
AD 968 AD 879, 893 Effusive? Lavas to the sea Yes 
AD 991  Strombolian, intense Yes 
AD 999 AD 980, 981, 982, 983, 
993, 994, 1000 
Effusive to Strombolian, fountains 
and flows 
Yes 
AD 1006-
1007 
AD 1013, 1024, 1027, 
1035, 1036, 1038, 
1049, 1050, 1137, 
1138, 1150, 1254, 
1270,  
Strong Strombolian, bombs to 3 
miles. Paroxysmal 
Yes  
AD 1037 1036 Effusive, lavas to sea. Persistent? Yes 
1049  Lavas to sea Yes 
 AD 1068-1078 Flank, with lavas Yes 
AD 1139  Explosive for 30 days, intense.   
AD 1150  Strong Strombolian  
 AD 1306 Unlikely parasitic with lavas to sea?  
 AD 1347, 1360, 1430, 
1440, 1500, 1501, 
1538, 1545, 1568 
Unlikely phreatic explosion in 1500?  
AD 1571  Weak intracrateric Strombolian.  
* Proposed effusive phase in texts however unconfirmed 
Table 3-1: Eruptions between AD 79 and 1631. Modified after Rolandi et al. (1998), Principe et al. 
(2004) and Scarth (2009). 
 
Clearly the record of activity between AD79 and 1631 is inconsistent, and the years where 
activity is not reported cannot be guaranteed to have been periods of quiescence.  The 
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larger explosive events can be confirmed through stratigraphic records, while smaller 
effusive events produce correspondingly smaller deposits which may not be available for 
study.  Despite some unreliability with the completeness of the records and with the 
ability to interpret older statements in different ways, the historic literature and images 
do provide a good impression of activity during this period, however further exploration 
of the literature from the 1500s would be beneficial to the confirmation of activity in this 
century to determine more robustly the length of the repose period prior to 1631. 
 
3.1.5 Lava Flows from Pre-1631 Eruptions 
Effusive activity prior to 79AD is difficult to discern, and after this event the identification 
of lava flows is problematic due to the scarcity of reports, or lack of detail therein, and no 
common usage of the word “lava” until the 1700s.  Many flows would not have been 
reported, and many may have been restricted in extent, a theory supported by Rolandi et 
al. (1998) who suggest that the medieval lavas were involved in the construction of the 
current Vesuvius cone and thus did not cover a large area.  However, literature (as 
discussed above) demonstrates that numerous medieval lavas extended beyond the 
caldera rim and to the coast, some being issued at the central summit crater, and in at 
least four separate instances, from vents low on the S flanks (Figure 3-2).  
 
The development of medieval lava flow-fields is very similar to that of post-1631 lavas, all 
being channelled to the S by the Somma walls, with the flank vents also being restricted 
to the collapse structure to the S (discussed further in Chapter 6). 
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Figure 3-2: Medieval lavas and flank vents of Somma-Vesuvius. Modified after Principe et al. 
(2004) and Scarth (2009). 
 
3.2 Overview of Historic Activity; 1631 to 1944 
The last eruptive period began at Vesuvius in 1631 in a violent sub-Plinian eruption and 
continued for 313 years until 1944.  The Vesuvius cone, similar to that present today, had 
formed within the caldera by 1631, reaching 50m above the Somma rim, and this 
continued to be partially destroyed and rebuilt throughout the eruptive period, reaching 
the current height of 1281m during the 1944 eruption (Kilburn and McGuire, 2001).    
 
The period 1631-1944 consisted of almost continuous, mostly weak volcanic activity 
comprising lava effusions with Strombolian bursts, and violent Strombolian and 
sub-Plinian events (Arnó et al. (1987); Arrighi et al. (2001); Principe et al. (2004)).  
Scandone et al. (1993) described and catalogued the eruptions, assigning a VEI level to 
each based upon the historic descriptions of the events, and identified 53 eruptions with 
an explosive component, stating that 49 of these eruptions occurred before the 1872 
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event.  It is suggested (Scandone et al., 1993, Scandone et al., 2008), and indeed 
observable through the eruptive history (Eruptive History Appendix) that activity before 
1872 was more frequently explosive than afterwards, although many eruptions also 
included effusive activity (discussed further in Chapter 4).  Certainly from 1872 until 1944, 
activity was more commonly effusive with several long-lived lateral vent effusions in the 
late 1800s, leading to the slow accumulation of lavas on the upper flanks and within the 
caldera, forming, for example, the compound lava piles of Colle Umberto and Colle 
Margherita; and the slow filling of the crater from 1913 until overflow in 1926 (discussed 
in the Eruptive History Appendix, and detailed in Lirer et al. (2005)).   
 
Activity post-1631 comprised the persistent gradual filling of the crater with lavas and 
Strombolian explosions, with Scandone et al. (1993),(2008) identifying paroxysms in 1649, 
1654, 1660, 1682, 1685 and 1689.  The use of the term ‘paroxysm’ for these events may 
be misleading as it suggests large, violent explosive events, but these events were 
generally just larger than the ongoing persistent activity.  These events produced minor 
ash clouds but no sustained columns or fountains.   
 
The first lava to overflow from the crater of Vesuvius occurred in 1694, and was followed 
by an explosive paroxysm (Scandone et al., 2008), citing Sorrentino (1734)).  Scandone et 
al. (2008) indicate that this was the first fast lava flow outside of the crater, however it 
was in fact the first flow of any speed to occur outside of the crater since 1631 as prior to 
this activity was restricted to the deep crater.  Subsequent to this, the crater underwent 
periodic excavation through explosive activity, but never again reached the depth 
reported after 1631 (described for example in Le Hon (1865b)), which had resulted in 63 
years of intracrateric activity that was unable to have significant affect on the inhabitants 
of the Vesuvian area.  With a crater most commonly less than 200m in depth after 1694, 
even minor effusive and Strombolian activity was more visible to the population and 
more prone to affect the population through overflows and external vent openings.   
 
The 1631 eruption is believed to have created open conduit conditions, allowing the 
subsequent semi-persistent activity (Scarth, 2009).  A number of violent eruptions with 
substantial eruption columns and tephra fall followed and particularly of note are the 
1794, 1822, 1872, 1906 and 1944 eruptions.  The collapse of the crater floor occurred in a 
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number of events, and Scandone et al. (2008) state that some of the more violent 
eruptions caused small caldera forming events within the Gran Cono.  This may have 
caused a temporary blockage of the conduit possibly contributing to Vulcanian explosions 
and brief periods of quiescence.  Many short spans of repose occurred throughout this 
period.  The majority of activity occurred at the summit crater and from vents within the 
caldera, though in a similar way to the medieval activity, flank eruptions also occurred on 
the S and SW flanks of the edifice during the 1631, 1760, 1794 and 1861 eruptions.   
 
3.3 Precursors 
Precursory activity occurred days to weeks before many of the eruptions during 1631 to 
1944 (Scandone and Giacomelli (2008).  Changes in the water levels in wells and springs, 
inflation of the coast and retreat of the sea preceding eruptions were dominantly seen 
occurring to the SW (Eruptive history appendix, Scandone and Giacomelli (2008)).  Seismic 
activity was reported across the Vesuvian area throughout the last period of activity, but 
this was also often focussed to the SW.  In particular, the area from Resina to Torre del 
Greco was subject to these precursory events.  This increase in precursory signals to the 
SW may be because: 
- This may have been a more densely populated area, or with an increased literate 
community than in the rural communities on the N edifice, increasing the 
likelihood of event recording 
- There may be a link with the magmatic feeding system here 
- There may be increased water flow here 
 
A relatively high population was present surrounding Vesuvius throughout the last 
eruptive period.  The coastline was most densely populated, in particular to the SW in 
proximity to Naples, and this may be responsible for the high number of reports of 
precursory activity here.  There is however, an increased rate of reporting here in 
comparison to the highly populated area around Torre Annunziata, suggesting that the 
reporting rate may be representative of the localised activity.  Though distant from the 
edifice centre a correlation with the magmatic feeding system is plausible, either through 
the positioning of the lower feeding system, or through the preferential fracturing of the 
edifice and dyke intrusion in this zone to the SW.  Indeed, this is a zone of increased flank 
vent formation (Chapter 6).  Federico et al. (2002) investigated the groundwaters in the 
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Vesuvian region, and identified that the water in the S-SW sector are “most closely linked 
to the main degassing system”, indicating that there may be an extensive fracture system 
in this zone connected to the feeding system of the volcano.  In combination with the 
magnetic high to the SW (Milia et al., 1998), this would explain the chemistry of the 
waters, the increased precursory signals and the development of flank vents in this zone 
to the SW.  Seismic crises do not always foretell the imminent arrival of eruptive activity, 
with a number of crises occurring during the repose period since 1944.   
 
3.3.1 Historic Lavas 
Due to the morphology of the volcano complex, with Somma enclosing Vesuvius to the N 
and NE, historic lavas were channelled largely towards the coast.  These flows were 
frequently destructive, but also provided a tourist attraction, exemplified by the 
description of picnics on tours “When a stream of lava is rolling slowly down the 
mountain, the kettle is boiled on its surface and the eggs are cooked in its crevices” 
(Blewitt, 1853).   
 
Kilburn and McGuire (2001) describe the lavas from this period as ranging in volume 
between 10 and 30 million m3, with occasional effusions of up to 100million m3.  The 
smaller volume flows are a’a in form and developed in days, whilst the larger volume 
pahoehoe flows formed over years (Kilburn and McGuire, 2001).  These slow effusions 
formed compound pahoehoe flow-fields that did not extend far beyond the caldera rim.  
Many pahoehoe flows are still visible as outcrops on the upper flanks of Vesuvius, and 
pahoehoe flows within the crater or overflowing from the crater rim can be seen in old 
photographs and illustrations.   
 
The longer, faster flows (those with the most rapidly advancing flow fronts) formed 
during the first stage of PEs (Paroxysmal eruptions, defined in Scandone et al. (2008)) or 
violent eruptions, have an a’a surface and commonly form as single channels that can 
host pulses of lava (Scandone et al., 2008).  In several eruptions (1872, 1906, 1944) 
distinct pulses occurred in which two flows were issued in the same eruption on the same 
path, which Scandone et al. (2008) describe as being due to the topography of the cone 
or breaks in the crater rim.  In the 1872 and 1906 eruptions, the lavas were erupted from 
lateral vents and therefore followed the topography of the flanks on which they were 
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issued.  Inclined fountains were also produced, for example in 1906, which deposited 
spatter in San Giuseppe but did not form a lava flow (Scandone et al., 2008).  In some 
cases, short clastogenic lava flows formed through deposition from lava fountains, for 
example lava flows restricted to the caldera formed during the 1779 eruption.  There is at 
least one occurrence (1805) in which a long, fast lava flow occurred, likely fed through 
lava fountaining (inferred from Scandone et al. (1993)). 
In order to determine the maximum areas affected and flow-field characteristics, the 
original flow-fields have been reconstructed.  Lava flow-fields are here classified by vent 
location, with further categorisation in Chapter 4.    
3.3.2 Lava Effusion at Summit, Lateral and Flank Vents 
The mapped lava flow-fields are here divided by origin at summit, lateral or flank vents 
and are shown in Figure 3-3 colour-coded by vent.  This shows their general distribution, 
demonstrating a tendency for flows from flank vents to reach the densely inhabited 
coastal areas more readily than flows from higher altitudes.  A similar relationship is 
observed with the lateral flows seen to extend further than the flows from the summit 
(particularly evident in Figure 3-3 to the E and W). 
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Figure 3-3: Lava flows from the summit, lateral and flank vents for the period 1631-1944. 
 
3.3.3 Vent Location and Eruption Style 
It is clear from the eruptive history of Vesuvius that activity of different styles occurred at 
each vent location, but that flank vents primarily formed as parts of eruptions involving 
paroxysmal Vulcanian and sub-Plinian explosions (Graph 3-1) indicating a possible link 
between the intensity of the eruption and the probability of fracturing of the flanks.  
Effusive to violently explosive activity occurred at flank and summit vents, whilst lateral 
vents hosted, at their most explosive, Vulcanian bursts (Graph 3-1,Graph 3-2).  
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Graph 3-1: The number of eruptions during the period 1631-1944 of each maximum style at the 
different vent locations.  
 
Graph 3-2: The number of eruptions during the period 1631-1944 of each dominant style at the 
different vent locations.  
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3.3.4 Summit and Sub-Terminal Vents  
The Somma-Vesuvius edifice has formed around a central conduit system feeding summit 
eruptions, as indicated by the broadly conical shape and the formation of the Vesuvius 
cone approximately central within the Somma caldera.  The conduit system is visualised 
through seismic tomography experiments, with a high velocity area found vertically 
beneath the summit (De Natale et al. (2006) and references therein), which can be 
interpreted as solidified feeder dykes.  The evidence produced through seismic and 
magnetic studies of the edifice would indicate that this sub-summital zone is the 
preferential feeder zone, and this is further supported by the dominance of summit 
activity, with 95% of the post-1631 eruptive events involving activity at the summit (Table 
6-1).   
 
 
Figure 3-4: Summit activity;  the upper Vesuvius cone showing the crater filled with multiple 
layers of lavas and eruptive products being fed from the central conduit (A) comprising multiple 
magma-filled fractures, with effusion from the active vent (B) and overflows at the lower crater 
rim (C), and flows from sub-terminal vents (D) where  high level fractures intersect the active 
lavas. 
Activity at the summit vent varied widely, from small fumarolic emissions to large 
explosive eruptions of VEI 4+.  Intracrateric lavas and lava overflows from the crater were 
a common occurrence, with approximately 60% of eruptive phases involving lava 
overflows.  Scandone et al. (1993) identified that lava effusion was a frequent occurrence 
during the first stage of activity, and indeed the eruptive history demonstrates clearly 
that intracrateric lavas were frequently the first product of renewed activity after a period 
of quiescence, and most often formed through slow effusions and mild Strombolian 
activity at vents in the crater floor (for example activity from 1637 to 1694 was described 
as such in Sorrentino (1734) and Alfano and Friedlaender (1929) as periods of 
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Strombolian bursts and quiet lava effusion at three vents in the crater floor).  Rather than 
fluid lava lakes, these formed intracrateric flows, overlapping each other and gradually 
raising the crater floor.    Lava flows onto the Gran Cono, and sometimes extending 
outside of the caldera, formed as overflows from low sections of the crater rim, or as 
flows from fractures of the crater walls (Figure 3-5 to Figure 3-7).   
 
Figure 3-5: A small conelet within the summit crater of Vesuvius with pahoehoe lavas expanding 
across the crater floor.  Nowatschek (1920) in Alfano and Friedlaender (1929). 
 
Figure 3-6: An overflow from the crater of Vesuvius expanding down the cone and into the valley 
between the Vesuvius cone and Somma rim, and being channelled to the E.  Ist.Geogr.Militaire 
(1929) in Lorenzo (1931). 
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3.3.5 Number of Vents at the Summit 
On 28 occasions (Table 3-2) multiple vents are described within the summit crater, 
indicating that the conduit takes the form of a fracture system with multiple intersections 
with the surface.  In the majority of eruptions there is no description of the number of 
intracrateric vents, perhaps as there were no observations or as only singular vents were 
present.  A maximum of five intracrateric vents are reported (during 1751 and 1867), 
whilst more commonly three “mouths” are described as forming at once, although 14 
small vents are visible in 1805 (Figure 3-8), though it is unclear if these were 
simultaneously active.  The multiple intracrateric vents are sometimes described as 
showing different activity states (Figure 3-7), suggesting that whilst all are fed from a 
laterally restricted area (the central conduit system) they may drain at different levels of 
the magma column allowing degassed magma to quietly ascend and effuse at some vents, 
whilst volatile-rich magmas erupt more explosively at others.   
 
The multiple intracrateric vents are normally reported during periods of low-intensity 
activity, with effusive and Strombolian activity.  This does not necessarily indicate a link 
between the number of vents and eruption style, as indeed during the 1944 eruption 
there was a time in which two vents within the crater showed explosive activity, 
generating two eruption columns (Scandone et al., 1993).  The apparent correlation 
between more minor activity and number of vents is more likely due to the ease of 
observation, with the upper cone only accessible during low explosivity events.   
 
Summit intracrateric conelets formed in most eruptions from 1631-1944 (Figure 3-5, 
Figure 3-7) suggesting either a single vent or a closely grouped cluster of vents.  These 
conelets most often developed during Strombolian activity at one vent, with the spatter 
collecting around the vent.  In some cases they incorporated the other intracrateric vents 
that showed effusive or less-violent emissions.  For example, in the 1867 eruption 
described in Phillips (1869), a spatter cone grew centering on the most explosive vent, but 
with four smaller vents continuously present within the spatter cone. 
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Figure 3-7: Multiple summit vents and overflow.  An image showing the activity in 1867 with two 
active vents within the crater, one substantially larger showing more violent Strombolian activity 
than the smaller vent to its side (A), with intracrateric lavas (C)  flowing through a fractured or 
lowered portion of the crater rim (B). Drucke on Leonardi (2012). 
 
Figure 3-8: Multiple vents in the crater with a lava flow from a small break in the crater rim, 
during June and July 1805 (Roth, 1857).  
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Eruption Start 
Date (D/M/Y) 
Eruption End 
Date (D/M/Y) 
Intracrateric 
Vents 
Yr Vents 
Observed 
Reference 
01/07/1637 27/11/1649 3 1637 Sorrentino (1734) 
03/07/1660 29/07/1660 3 1660 Lirer et al. (2005) 
12/08/1682 22/08/1682 3 1682 Philips (1869) 
19/05/1698 15/07/1698 3 1698 Philips (1869) 
19/05/1704 23/05/1704 Multiple 1704 Philips (1869) 
15/06/1714 30/06/1714 3 1714 Philips (1869) 
01/07/1714 05/06/1717 2 or 3 1717 Berkeley (1717) 
06/06/1717 18/06/1717 2 or 3 1717 Berkeley (1717) 
28/05/1720 30/04/1721 3 1720 Philips (1869) 
20/04/1723 08/07/1723 3 1723 Philips (1869) 
01/09/1724 29/09/1724 3 1724 Philips (1869) 
01/11/1744 24/10/1751 3 1750 Scandone et al. (1993) 
25/10/1751 25/02/1752 5 1751 Lirer et al. (2005) 
26/02/1752 01/12/1754 3 and 2 1752 Scandone et al. (1993) 
01/08/1788 15/08/1788 3 1788 
Alfano & Friedlaender (1929); 
Lirer et al. (2005) 
15/01/1796 11/08/1804 3 1803 Scandone et al. (1993) 
12/08/1804 28/11/1804 4 1804 Lirer et al. (2005) 
29/10/1813 28/02/1814 2 1813 
Philips (1869); Alfano & 
Friedlaender (1929); Lirer et 
al. (2005) 
01/06/1820 14/01/1822 2 1821 
Alfano & Friedlaender (1929); 
Scandone et al. (1993) 
22/08/1834 02/09/1834 2 1834 Philips (1869) 
14/12/1854 30/04/1855 3 1854 Philips (1869) 
19/12/1855 26/05/1858 4 1857 Lirer et al. (2005) 
15/11/1867 30/11/1867 5 1867 Philips (1869) 
18/12/1875 15/12/1881 2/5 1877 Alfano & Friedlaender (1929)  
08/09/1899 26/08/1903 2 1903 Lirer et al. (2005) 
04/04/1906 22/04/1906 2 1906 Scarth (2009) 
18/03/1944 04/04/1944 2 1944 Scandone et al. (1993) 
 
Table 3-2: The number of vents reported within the crater for each eruption, with dates of activity 
and the year in which the vents were observed.  
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3.3.6 Lava Flows from the Summit 
Lava overflows occurred in all directions (Figure 3-9), and many of these extended beyond 
the caldera rim, channelled to the W, S and E and onto the now populated flanks.  Only 
one flow, from the 1806 eruption, reached the coast, however over 50% of summit flow-
fields reached beyond 4km from the summit crater.  This value excludes the overflows of 
unknown length restricted to the Gran Cono.  With these, 32% of lava flow-fields 
originating at the summit reached beyond 4km distance (Maximum Distance Appendix).  
 
Figure 3-9: Lava flows from the summit vent during the 1631–1944 period.  
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3.4 Lateral Vents 
Activity in 26% (Chapter 6, Table 6.1) of eruptions during 1631 to 1944 involved eruption 
sites low on the Gran Cono, and within the caldera between the walls of the Somma 
edifice and the Vesuvius cone itself (Figure 3-10).  These lateral vents largely formed as 
dykes propagating horizontally from the central conduit (Nakamura, 1977), however 
some may also have been fed by magmas rising independently of the central conduit 
(discussed further in Chapter 6).   
 
 
Figure 3-10: Sketch illustrating how lateral vents can form at Somma-Vesuvius.  Fracturing of the 
cone allows dykes (B) to form off the central conduit (A) which may intersect the surface on the 
cone (C) between the cone base and the crater or within the caldera (D) between the cone and 
the Somma walls. 
3.4.1 Activity Style and Simultaneous Summit Activity 
Out of the events with a lateral component, 95% of the eruptions occurred 
simultaneously with activity at the summit.  Few eruptions (3 eruptions; 2% (Table 6.1)) 
occurred exclusively at lateral vents suggesting an analogous feeding system.  This is 
demonstrated in the occurrence of similar effusive activity during 1897 at both the 
summit and lateral vents (Figure 3-11, Figure 3-12).  In 80% of these cases, the lower 
altitude vents showed less explosive activity, dominantly effusing lavas quietly as more 
explosive activity occurred at higher vents and at the summit crater.  Such behaviour is 
observed at other volcanoes, such as in Tenerife’s historical eruptions (Solana, 2012) and 
as in the 1971 eruption of Etna described in Walker (1973a), where explosive activity was 
present at higher vents and effusive at lower vents.   
  
It is not always possible to determine with certainty whether activity was at true lateral 
vents, or instead at sub-terminal vents formed as fractures of the crater, as reports are 
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sometimes brief and only state that vents formed on the cone.  In either case, at this 
altitude on the cone, the dykes feeding the activity were likely derived from the central 
magma ascent zone.  Wherever possible, historic accounts and images have been 
compared to deduce the true nature of the vents.   
 
 
Figure 3-11: Eruptive activity both at the summit and at a lateral vent close to the caldera rim is 
seen in 1897. Corelli in Alfano and Friedlaender (1929). 
 
98% of activity at lateral vents was effusive or Strombolian with a VEI range of 0-2, mostly 
producing lava flows, incandescent spatter and forming spatter cones and ramparts.  Only 
2% of activity was more explosive, with the production of small volumes of ash at lateral 
vents.   
 
Figure 3-12: The 1737 eruption by Duca Della Torre Senior (1805) in Lirer et al. (2005). Activity and 
ash clouds at the summit, and effusive activity from a lateral vent is occurring to the S. 
 
As discussed in detail in Chapter 6, lateral vents more commonly formed during periods 
when the crater had filled with eruptive products, suggesting either that their formation 
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occurred as a result of the loading of the cone, or that there was a cyclic pattern of 
activity with bursts of activity occurring after the slow filling of the crater acting to 
fracture the cone. 
 
3.4.2 Lava Effusion from Lateral Vents 
Lavas from lateral vents were, as with the summit lava flows, channelled to the S, E and 
W by the Somma caldera (Figure 3-13).  Flows extended in all directions within this zone, 
covering a large area of the upper flanks and reaching the densely inhabited lower flanks, 
on average to greater distances than the summit flows.  This is examined in more detail in 
Chapter 4.  54% of lateral flow-fields are found to reach distances beyond 4km from the 
summit crater (see Maximum Distance Appendix).  
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Figure 3-13: Map of lava flows from lateral vents during 1631 - 1944. Fissures illustrated by red 
dashed lines; eruptive vents by red stars. 
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3.5 Flank Vents 
Eruptive fissures and vents formed on the lower flanks of Vesuvius outside of the caldera 
in four eruptions during the 1631-1944 period.  Flank vents (Figure 3-14) can be fed by: 
- Dykes expanding horizontally/sub-horizontally off the central conduit system (A) 
to intersect the surface (B) 
- Vertically ascending magmas unrelated to the central conduit system (C) 
 
 
Figure 3-14: Sketch illustrating the possible formation of flank vents from dykes A and C, to erupt 
effusively (B) or producing flank cones (D).  
 
Magma rising through the central conduit may diverge from vertical ascent and 
propagate through the edifice via pre-existing fractures or fracture propagation 
dependent on the stress regimes, with dykes following paths of least resistance (Figure 
3-14A).  Figure 3-14C illustrates dyke propagation from low in the feeding system, 
potentially independent of the central conduit or derived from secondary magma 
reservoirs.  Through the propagation direction of the fissures (Acocella et al., 2006) and 
the fissure morphology it is possible to distinguish flank vents fed horizontally from the 
central conduit from those that formed on vertical dykes as true eccentric features.  The 
1760, 1794 and 1861 flank fissures are probably representative of horizontal dykes such 
as in (A) in Figure 3-14. 
 
3.5.1 Timings and Number of Events 
In addition to the 1631 eruption, a further three eruptions in the last eruptive period 
involved the formation of flank vents, in 1760, 1794 and 1861 (Johnston-Lavis, 1891).  
This is 2% of the total number of eruptive events (183 events), but in the formation of low 
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altitude vents in or close to populated zones, these few eruptions had a far greater effect 
on the Vesuvian population than many summit events. 
 
The location of these vents all grouped on the S side of the volcanic edifice suggests a 
structural control on the formation of flank vents.  This is discussed in more detail in 
Chapters 6-7.  
 
The flank eruptions lasted between 13 and 23 days, excluding preliminary summit activity 
and each preceded periods of repose of between 1.5 years and 4 years, bringing to an 
end activity periods of between 6 and 22 years (with the exception of the 1631 eruption) 
(Table 3-3).  
 Year of Eruption 
 1631 1760 1794 1861 
Eruption Duration 13 days 15 days 20 days 23 days 
Period of Repose 
Following Eruption 
4 years 3.5 years 1.5 years 2 years 
Duration of Period of 
Activity 
- 22.5 years 12.5 years 6 years 
 
Table 3-3: Timing of flank eruptions. Data derived from Lirer et al. (2005). 
 
3.5.2 Order of Events 
The 1631 eruption was preceded by several months of seismicity, increasing in the few 
days prior to the eruption, and also by the filling of the crater (Braccini, 1632, Scandone 
and Giacomelli, 2008).  As well as rumblings and gas emissions, the spring waters were 
also affected before the eruption, with changes in the salinity, sediment volume and 
water levels (Bertagnini et al., 2006, Scarth, 2009, Braccini, 1632, Lirer et al., 2005, 
Phillips, 1869, Alfano and Friedlaender, 1929).  Principe and Marini (2008) state that 
magma ascent will heat up a sub-crater aquifer resulting in the “major increase” of 
fumarolic activity within the crater within “dozens of years” before eruption, providing a 
useful warning time before renewed activity.  Although precursory signals were present 
before the 1631 eruption, this particular proposed signal does not appear to have 
occurred with the sort of lee-way discussed by Principe and Marini (2008), as there is a 
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description of the crater from 1619 (12 years prior to the eruption).  Three pools were 
found within the crater “one towards the east, of hot water, corrosive and bitter beyond 
measure; another towards the west, of water salter than that of the sea; the third of hot 
water that had no particular taste” (Phillips, 1869), and cold fumaroles were also said to 
be present (Scarth, 2009).  It could be inferred from Principe and Marini (2008) that at 
this time there should have been more substantial warm fumarolic emissions than 
described here, although there will have been some gas dissolution within the described 
pools.    
 
There are different theories on how the explosive phase of 1631 began, with Scarth 
(2009) citing the opening of the fissures on the flanks and Lirer et al., (2005) indicating 
that summit activity was followed by fissure development.   The description the day prior 
to the sub-Plinian phase, of small explosions at multiple “adventitious” fractures and 
vents with “stones” and “bituminous substances” (Braccini, 1632, Alfano and 
Friedlaender, 1929, Lirer et al., 2005) indicates the development of the flank fissures prior 
to the main eruption.  The accounts also quoted by Scarth (2009) indicate fissure 
formation and activity prior to summit activity. The fissures formed while the crater was 
infilled, therefore subsequent to the effusion of intracrateric lavas (discussed shortly).  
Although the exact order is disputed, both the summit and flank vents were 
simultaneously active on the first day of violent explosive activity.  
 
The 1760 fissures opened after three days of seismic crises felt by the population 
(Baratta, 1897 in Scandone et al. (1993); Scandone and Giacomelli (2008)), and after years 
of semi-persistent <VEI 2 summit activity with numerous short overflows (see the 
Eruptive History Appendix), with the crater therefore largely infilled prior to fissure 
formation.   
 
The fissures of 1794 also opened following three days of seismic activity (Brieslak, 1794, 
in Phillips (1869) and Scandone and Giacomelli (2008) and also with a full crater, with 
Blewitt (1853) describing the crater as almost full at the beginning of 1794.  The fracture 
to the SW opened precisely where eight days previously  a “puff of smoke” was seen to 
explode from a vineyard (Scarth, 2009).  The crater was quiet during the flank effusions 
(Blewitt, 1853) prior to the explosive paroxysm at the summit (Auldjo, 1832).  
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Persistent activity had filled the crater (Phillips, 1869) prior to the fissure formation of 
1861, which again occurred after three days of felt seismic crises (Alfano and 
Friedlaender, 1929, Scandone et al., 1993, Lirer et al., 2005, Scandone and Giacomelli, 
2008).  The formation of fissures occurred as the initial stage of this eruption, with these 
extending through Torre del Greco and into the sea, with emission of gases along the 
length of the fissure prior to eruptive vent development on the upper fissure (Lobley, 
1868, Phillips, 1869, Alfano and Friedlaender, 1929, Scandone et al., 1993, Lirer et al., 
2005).  The submarine activity is discussed in Chapter 6.  
 
In the flank vent eruptions, as well as seismic activity and “rumblings” prior to the onset 
of activity, the water table was affected as is described in numerous eruptions during the 
1631-1944 period.  There is, however, no report of the water table effects before the 
1760 eruption.  The water levels in the wells also subsided before the 1794 eruption (Lirer 
et al., 2005, Scandone and Giacomelli, 2008, Scarth, 2009).  In 1861 the water table was 
also affected, but in a different way to that reported in all other eruptions from this 
period, as water levels increased before and during the eruption, with the fountain in 
Torre del Greco increasing in height with the sounds of gas gurgling through the water 
(Alfano and Friedlaender, 1929, Lirer et al., 2005, Scandone and Giacomelli, 2008, Scarth, 
2009).  This increase in the water table was accompanied by inflation of the coast, but 
with this also reported for numerous other eruptions, only the increase in the water table 
in 1861 is conspicuous, and is thought related to the high volume of gases reported, 
which would also explain the explosive nature of the eruption.   
 
3.5.3 Crater Filling 
Through the study of the eruptive history presented in this thesis it has been identified 
that many lateral and flank vents form after a period of crater filling.  It is proposed here 
that the association between a full crater and the subsequent development of distal vents 
could be used in activity forecasts.  This link is discussed in this section with the historic 
flank vent formation, and is further investigated in Chapter 6.   
 
Crater filling is identified preceding many eruptions, however, the occurrence of this prior 
to the explosive phase of the 1631 eruption warrants particular discussion, as it is this 
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eruption which opened the historic period of activity and that hazard and risk plans are 
based upon for future activity.  The nature of the infill of the crater in 1631 is disputed, 
but this is an important factor both regarding events that can be expected at the renewal 
of activity, and for this thesis with the potential extrusion of large volumes of lava.  
 
The crater is described in Braccini (1632) and subsequently in Phillips (1869) and Lobley 
(1868) as being voluminous prior to the 1631 eruption but filling within the weeks before 
the explosive event.  Activity appears to have begun in November 1631, with Scarth 
(2009) referring to a contemporary account describing how the crater was viewed on 
November 10th with no changes, but when viewed two weeks later by the same observer, 
it was found to be “filled to the brim with ash and stones, so that he could walk across the 
crater from one rim to the other”, and Blewitt (1853), Lobley (1868) and Lirer et al. (2005) 
quote from Braccini (1632) a similar report.  Lobley (1868) and Alfano and Friedlaender 
(1929) describe the crater as filling with “bituminous material” before the explosive 
eruption, and Blewitt (1853) and Phillips (1869) described noises like a “tempestuous sea” 
and how locals had ascended the volcano to find it filled and with “smoke from some 
liquid parts”, which may indicate lavas and gas emission.  Sorrentino (1734) and Le Hon 
(1865b) also discusses the observed filling of the crater, describing how after 15 days 
from the initial viewing of the unchanged, empty crater, it was found to be “raised almost 
to its edges” with the vegetation destroyed, and filled with “muddy and bituminous 
materials, giving off a smell of sulphur”.  These descriptions of crater filling are 
reminiscent of the numerous periods of crater filling through effusive and minor 
Strombolian activity described during the activity post-1631, clearly indicating that lavas 
were effused within the crater prior to the explosive phase of 1631.  The report, on 
December 15th 1631, of a “beam of fire” from the crater, which then lay glowing and 
immobile in the crater, and a “star of extraordinary size” seen over the volcano (Braccini 
(1632) in Lirer et al. (2005)), indicates the presence of intracrateric flows and a short-
duration lava fountain prior to the explosive phase of 16th December.  This is consistent 
with early quiet effusion of lavas, followed by an increase in pressure producing lava 
fountaining prior to further increase in ascent rate inducing explosive activity.   
 
Despite the literature appearing to describe intracrateric lavas, Scandone and Giacomelli 
(2008) explain the filling of the crater as being due to either the uplift of the crater floor 
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through magma injection, or the filling of the crater with landslide deposits.  Bertagnini et 
al. (2006) also ascribe the crater filling to landslides, quoting Mascolo (1633) “…levelling 
that chasm which, as I said before, had lowered itself; and this occurred not, as some 
thought, because the vapours forced themselves up through the earth…but…by passing 
through the crags, which, as happens, had fallen there”.  Although this does suggest 
landslide deposits, with no observed reduction in the height of the cone which would be 
probable in the production of sufficient landslide volumes to fill the voluminous crater, 
this hypothesis seems implausible.     
 
Authors supporting an uplift of the crater floor base their hypothesis on the observed 
deformation of the volcanic edifice with uplift evidenced along the coastline and reported 
in a bulge particularly to the W (Varonis, 1634, in Bertagnini et al. (2006)), and fractures 
reported in the cone with “burning materials and vapours” for several months prior to the 
explosive phase (Braccini, 1632; Lirer et al., 2005).  Clearly, the exact nature of the crater 
fill cannot be determined beyond reasonable doubt, with contemporary accounts subject 
to translation and interpretation, and modern accounts potentially repeating singular 
reports or biased based on later activity.  However, three main possibilities can be 
surmised for the change in the crater prior to the explosive phase, each with supporting 
evidence: crater floor uplift; landslide deposits; or pre-explosive intracrateric effusion of 
lava flows.  Whilst Scandone and Giacomelli (2008) and Bertagnini et al. (2006) credit the 
crater uplift and landslides as being responsible, here the view is adopted that the 
intracrateric lava effusion has as much, and more, supporting evidence in the 
contemporary descriptions available, in particular the description of bituminous liquid 
material, and therefore that a phase of intracrateric effusion occurred within the weeks 
prior to the main explosive phase. 
 
3.5.4 Number of Vents Generated 
The flank eruptions of 1631, 1760, 1794 and 1861 all took place along eruptive fissures 
rather than at individual spatially restricted vents.  Each of these fissures was 
approximately radial in alignment with the summit (Figure 3-19). There are no identified 
remains of the 1631 or 1861 fractures visible today; however cones from the 1760 fissure 
are still partially visible, as is the fissure of 1794.  Whilst these all would have produced 
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some accumulation of pyroclastics and lava around the vents, the construction of spatter 
or cinder cones is dependent on the eruption style and effusion rate, and preservation is 
dependent on subsequent eruptive and anthropogenic activity.  “Numerous vents” along 
the 1631 fissures are described in Alfano and Friedlaender (1929) and Lirer et al. (2005) 
citing Recupito (1635).  The reported number of cones on the 1760 fissure vary by author, 
with 12 discussed in Alfano and Friedlaender (1929) and Auldjo (1832), 15 in Phillips 
(1869) and Lirer et al. (2005), and 7 to 15 in Scandone et al. (1993), and six clearly seen in 
the image of Della Torre (1755) (Figure 3-16).  One cone is described as reaching 60m in 
height by Phillips (1869) (likely the uppermost cone in Figure 3-15).   
 
 
Figure 3-15: Conical and elongate spatter or scoria cones along the 1760 flank fissure are seen in 
this image by Fabris (1779) in Lirer et al. (2005). 
 
A similar number of vents are described along the 1794 fissure, with 7 in Lirer et al. (2005) 
and 15 described by Brieslak in Lobley (1868) and Phillips (1869), with spatter cones 
forming to 50m height but with craters of 180m+ deep (Scarth, 2009).  In 1861 11 vents 
are described (Lobley, 1868, Phillips, 1869, Alfano and Friedlaender, 1929, Scandone et 
al., 1993, Lirer et al., 2005), with the upper vents showing explosive activity and the lower 
vents effusive activity (Lobley, 1868, Phillips, 1869, Alfano and Friedlaender, 1929).  
Cinder cones of much lower relief than those in 1760 formed (Figure 3-17). 
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Figure 3-16: Diagrams of the 1760 cones from Della Torre (1761) supplemental to Della Torre 
(1755).  
 
Figure 3-17: The 1861 explosion pits along the fissure at approximately 290m a.s.l. Palmieri (1861) 
in Lirer et al. (2005). 
 
3.5.5 Simultaneous Summit and Flank Activity 
Eruptive activity occurred concurrently at the summit whilst lower flank vents were also 
active (Figure 3-18), indicating a link between the feeding system supplying both the 
distal and proximal vents.  A range of activity occurred at the flank vents, from effusive to 
Vulcanian with VEIs <3.  Most activity was effusive and Strombolian mimicking that at 
lateral vents, however, overall the flank vents showed more explosive activity than found 
at lateral vents or in the simultaneous summit activity.  In all cases, the flank vents 
opened with Strombolian or Vulcanian explosive activity, largely decreasing over time to 
effusive-Strombolian.   
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Figure 3-18: The low altitude flank vent (~290m a.s.l.)  of 1861 is visible due to the small cloud 
rising, with simultaneous minor summit activity, Fergola in Alfano and Friedlaender (1929). 
In 1631 activity was explosive at the summit and fissures (see Eruptive history appendix), 
with disputed subsequent effusion of voluminous lavas from the latter.  The 1760 flank 
fissure showed Strombolian activity in the opening stages (Scandone et al., 1993, Lirer et 
al., 2005) or possibly Vulcanian explosions, with significant emission of ash and smoke 
forming columns at the vents described in Auldjo (1832), Lobley (1868) and Phillips 
(1869).  The activity then became effusive, after which the activity returned to focus at 
the summit, which had only been experiencing minor activity during the intense flank 
activity (Scandone et al., 1993, Lirer et al., 2005). 
The fissures in the 1794 eruption showed initially Strombolian activity followed by purely 
effusive-Hawaiian activity (Lirer et al., 2005, Scarth, 2009), with subsequent strongly 
explosive activity at the summit after the flank effusion (Scandone et al., 1993).  The 1861 
flank eruption produced the shortest lava flows of the flank vents, with primarily 
explosive activity, and effusion only from the lowest vents (Alfano and Friedlaender, 
1929).  With the initial flank eruption, activity was absent to mild at the summit crater 
(Lirer et al., 2005, Scandone et al., 1993), increasing to Vulcanian explosions after one day 
accompanied by some collapse of the crater walls (Alfano and Friedlaender, 1929, Lirer et 
al., 2005).  This collapse perhaps blocked the conduit here, as subsequently activity 
increased at the flank vents with ash emission for 22 days and once again halted at the 
crater (Palmieri, 1862 in Lirer et al. (2005); Alfano and Friedlaender (1929)).  Occasional 
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Vulcanian explosions at the crater may have occurred during this time, as indicated in 
Scandone et al. (1993), likely indicating occasional vent blockages and clearing cycles.    
3.5.6 Lava Effusion from Flank Vents 
The lava flows from the flank vents (Figure 3-19), as expected, extend further into the 
populated coastal zones than the summit and lateral flows.  All flow-fields from flank 
vents affected distances greater than 4km from the summit crater.  The products of the 
1631 eruption are disputed, but are described as involving the effusion of substantial 
volumes of lava to flow lengths of over 5km from the fissures, reaching the sea and 
extending the coastline.  The 1760 flow-field halted approximately 0.25km from the 
coastline, largely destroying Torre Annunziata.  The 1794 eruption extended the coastline, 
destroying much of Torre del Greco (Figure 3-21).  A much shorter lava flow was also 
produced during the 1861 eruption, at 2.48km (Table 3-4)  halting N of Torre del Greco, in 
a dominantly explosive eruption.  The average velocity (the rate of flow front advance) of 
the flows is variable, calculated at between 0.02m/s to 1.34m/s.  The flow-field 
characteristics are discussed in greater depth in Chapter 4. 
 
 Year of Eruption 
 1631 1760 1794 1861 
Lava Velocity 1.34m/s 0.02m/s 0.31m/s Unknown 
Length (km) 5.7 4.2 4.45 2.48 
Average Width (km) 0.7 0.4 0.5 0.25 
Inferred Total Area (km2) 7.93 2 2.2 0.55 
 
Table 3-4: Key details regarding the flank vent lava flows. 
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Figure 3-19: A map of the lavas from flank vents from 1631-1944. 
 
3.5.7 The Controversial 1631 Lavas 
The presence of lavas in the 1631 eruption is disputed, with the images (Figure 4-8) and 
descriptions of flows being either attributed to lavas, pyroclastic flows or lahars.  
Johnston-Lavis (1891) discusses “numerous large streams of lava”, and Lobley (1868) 
describes “no less than seven streams of lava”, with the flows reaching 6m in thickness 
near Torre Annunziata.  Phillips (1869) describes the lavas as reaching the coast at 13 
points along a 7.5 mile stretch of coastline.  Lirer et al. (2005) quotes Frat’Angelo (1631) 
as describing the lavas entering the sea “in five parts”, consisting of “melted pitch, 
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bitumen…like melted tar, viscose and water…”, with a similar description given by 
Santagata (1881, in Lirer et al., 2005) of “rivers of sulphur, bitumen, alum”.  These are 
arguably describing lava flows, however, despite literary sources and illustrations 
providing descriptions of material which can be interpreted as lavas, a number of more 
modern authors question this.  Many authors base their work on that of Le Hon (1865, 
1866) who was the first to attribute coastal lava outcrops to the 1631 eruption (Rosi et 
al., 1993, Principe et al., 2004).  Le Hon (1865b) indeed discusses the eruption “…vomited 
united prodigious quantity of bituminous materials, and burned a considerable portion of 
the surrounding country…and then vomits water, ashes, stones and fire, flooding most of 
the country as far as the sea”, with the bituminous materials certainly reminiscent of 
lavas.  He describes the direction of the lavas, their branches and the locations that were 
inundated, including how the lava advanced 400m into the sea.  Rosi et al. (1993) 
contradict the previous literature and state that, on the basis of their field studies and 
their examination of the historic chronicles, there were no lava flows produced, and 
attribute the coastal lavas to medival activity.  Rosi and Santacroce (1984) share this view, 
and state that these lavas are from the period AD968 to 1039 (Conte-Fasano et al., 2006).  
Principe et al. (2004) explain that a large number of papers have been written with the 
assumption that the coastal lavas are from 1631, but that their archaeomagnetism 
studies indicate that these lavas are in fact from the 12th century, and suggest that the 
presence of buildings built before 1631 on top of lavas which previous authors attribute 
to 1631 indicates that the dating must be at fault.  More recently, Scarth (2009) suggests 
that the analysis of the deposits and available accounts shows that lavas were unlikely to 
have been produced during the 1631 eruption.   
 
A recent and thorough study regarding the presence of 1631 lavas was undertaken by 
Conte-Fasano et al. (2006), and they support there being an effusive phase to the 1631 
eruption.  Conte-Fasano et al. (2006) investigated the different studies related to the 
presence or absence of lavas in 1631.  They conducted their own palaeomagnetic studies, 
and found that most samples indicated a 17th century age concluding that there must 
therefore have been an effusive phase to the 1631 eruption.  
 
The comprehensive studies of Conte-Fasano et al. (2006) can be coupled with the 
contemporary reports describing the characteristics of the flows as evidence to support 
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the production of extensive lava flows during the 1631 eruption.  The described flow 
velocities in particular support the notion that the flows were lavas, as these flows were 
described in Le Hon (1865b) as moving at an extraordinary speed, and as having “rushed 
forward” (Phillips, 1869), and travelled  “with great speed”, covering six miles in two 
hours and entering the sea (Alfano and Friedlaender, 1929).  This equates to an advancing 
flow front at 1.34m/s.  A similar speed (5km/hour = 1.39m/s) is given in Lirer et al. (2005).  
Such speeds are too slow to represent pyroclastic flows or lahars, but are within the 
typical speeds of advancing lava flow fronts, and as such, when considered with the 
dating of Conte-Fasano et al. (2006), the view taken here is that the 1631 was effusive-
explosive, producing lavas which reached the coast.  These early lavas must be factored 
into hazard assessments for renewed activity. 
 
The number of lava flows reported is highly variable but is indicative of the branching 
nature of the lavas, which is described in Alfano and Friedlaender (1929) and Lirer et al. 
(2005) in which one flow from the SW fissure is said to branch into five flows, with 
another flow from the S fissure dividing into three branches.  The lavas continued from 
the morning of the first day of the explosive phase (16/12/1631) for 2 days through 
18/12/1631 (Alfano and Friedlaender, 1929), and the eruption continued on for a further 
15 days until 02/01/1632 (Scandone et al., 1993).  The lava flows are listed as destroying 
the towns of Boscotrecase, Torre Annunziata, Torre del Greco, Pugliano, Resina and 
Cassano (Alfano and Friedlaender, 1929). 
 
3.5.8 The 1760 Eruption 
After an initial period of Strombolian activity at the vents (Lirer et al., 2005) a slowly 
moving lava flow formed (Auldjo, 1832) that travelled 0.5 miles in 12 hours (Della Torre, 
1761; in Scandone et al. (1993) and Lirer et al. (2005)) (Figure 3-20).  This gives a velocity 
of the first flow of 0.02m/s.  Activity was intermittently Vulcanian and Strombolian, with 
lava flows issued from different cones along the fissure at different times, but with 
effusion halting after about 8 days, after which activity returned to the crater (Scandone 
et al., 1993).   
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Figure 3-20:  The 1760 eruption with activity at the summit and the low altitude (275m a.s.l.) flank 
vents.  A lava flow is seen extending from the vents, reaching beyond the main coastal road. The 
cone of i Camaldoli is to the W, and the Viulo-Fossamonaca cones to the E. Mecatti in Alfano and 
Friedlaender (1929). 
 
3.5.9 The 1794 Eruption 
The eruption began with the formation of a lateral fissure to the NE and a fissure of the 
flanks to the SW, with instant lava effusion from these sites (Scandone et al., 1993). 
Strombolian activity on the NE fissure constructed cones and a lava flow (Brieslak in 
Phillips (1869)).  The SW fissure developed between 480 and 120m a.s.l. (Scarth, 2009), 
and the NE fissure formed on the Gran Cono (Alfano and Friedlaender, 1929).   
 
Strombolian and then effusive activity occurred from the SW (Lirer et al., 2005), forming a 
branching lava flow ranging in thickness between 4.6 to 9.7m (Phillips, 1869) or 3.6-12m 
(Lobley, 1868), with the depth increasing in ravines.  These lavas were observed in the 
field at 4.6m.  The flow reached the sea beyond Torre del Greco (Figure 3-21) in six hours 
(Phillips, 1869, Alfano and Friedlaender, 1929), in four hours according to Roth (1857), or 
in “four or five hours” (Della Torre, 1805 in Lirer et al. (2005)).  Lirer et al. (2005) suggest it 
takes a few days for the lava to reach the coast, although with the earlier authors 
referring to a period of hours, it suggests that the lava flow extended to their full length 
within a matter of hours, and was active for four days after this.  Using the minimal 
duration for maximum extension of four hours, and a length of 4.45km, the velocity of the 
flow was calculated as approximately 0.31m/s.  Following the lava effusion, strongly 
explosive activity took over at the summit (Scandone et al., 1993). 
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Figure 3-21: The destruction of Torre del Greco in 1794, with an a'a flow seen extending through 
the town, from Lorenzo (1931). 
 
3.5.10  The 1861 Eruption 
The 1861 flank eruption occurred with a 2000m long fissure (Phillips, 1869) at 
approximately 290m a.s.l. N of Torre del Greco (Alfano and Friedlaender, 1929, Scandone 
et al., 1993, Lirer et al., 2005).  Numerous vents formed along the fissure, first hosting 
explosive activity, then effusive from the lower vents (Alfano and Friedlaender, 1929).  
Palmieri (1874) in Lirer et al. (2005) indicate that small volumes of lava were effused for a 
short time, and Alfano and Friedlaender (1929) describe how the lava did not flow far 
enough to enter inhabited zones, but a precise duration of flow activity is unclear.  It 
appears that the lavas were only active for one day, from one vent out of 11 (Lobley, 
1868, Phillips, 1869).  The velocity of the flow cannot be determined as the duration is not 
explicitly provided in any account studied, however a minimum average velocity of 
0.03m/s is calculated from a duration of 1 day and the flow length.  Despite the lavas 
halting before reaching Torre del Greco, the town suffered serious damage due to the 
fracturing of the ground extending from the eruptive vents and into the sea, with 
significant gas emission (Phillips, 1869, Lobley, 1868). 
 
3.6 Summary 
The activity at Somma-Vesuvius has varied across its lifetime, with a period dominated by 
Plinian eruptions between 33ka and AD79 and increasingly effusive activity after this.  The 
Somma edifice is thought to have reached a height of about 1600m prior to a multistage 
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collapse during several Plinian eruptions.  The Somma caldera was present after the AD79 
eruption, and the Vesuvius cone grew through interplinian activity particularly in the 
medieval stage after AD472 during AD787-AD1139.  The cone has grown around the 
central conduit, as imaged by seismic studies in De Natale et al. (2006). 
 
The absence of interplinian activity and small-scale lava effusions prior to medieval times 
is probably a function of the deposits being laterally constrained and through subsequent 
burial or destruction.  After AD472 effusive activity became more common, with at least 
four eruptions producing lava flows which reached the coast.  These lavas show a similar 
distribution to those of 1631-1944, being channelled by Somma to the south.  After the 
semi-persistent medieval activity (Principe et al., 2004) the volcano entered a quiescent 
stage lasting either from AD1139 (Principe et al., 2004) or from 1571 (Guidoboni and 
Boschi, 2006).  There are serious implications for the onset of renewed activity should the 
weak Strombolian activity of 1571 have occurred, as this indicates a repose period of just 
60 years before the sub-Plinian 1631 eruption. 
 
The period of 1631-1944 is the subject of this research, but a study of the previous 
activity allows a better understanding of the volcano.  Activity from 1631 to 1944 appears 
to be similar to the medieval stage, comprising semi-persistent, dominantly mild effusive 
and Strombolian activity of VEI0-3, with occasional violent Strombolian and Vulcanian 
activity.  Activity during this time was focussed at the summit, where 60% of eruptive 
phases resulted in lava overflows after the filling of the crater with lavas.  32% of these 
summit flows reached beyond 4km distance, however many flows were restricted to the 
cone.  With these removed over 50% reached beyond 4km distance.  About a quarter of 
eruptions involved the opening of lateral vents, which generally showed effusive activity 
whilst activity at the summit was more explosive.  Lateral vent-fed lavas on average 
reached further than the summit flows, with 54% reaching beyond 4km distance.  
Following the filling of the crater 4 eruptions included the opening of flank vents on the 
southern edifice prior to paroxysm.  The 1631 crater fill is controversial, but based on the 
written descriptions is here attributed to the extrusion of intracrateric lavas.  The 1631 
flows are also variably interpreted as pyroclastic flows or lahars, but the historical 
descriptions and the analysis of Conte-Fasano et al. (2006) strongly indicates that there 
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was an effusive phase. All flank vent-fed lavas therefore reached the inhabited areas 
along the coastline.   
The occurrence of a similar eruption style and distribution of lavas in the medieval and 
historic phases could indicate that a new eruptive phase will include semi-persistent 
activity producing lava flows that frequently extend outside of the caldera to the 
populated lower flanks.  With a similar number of flank eruptions occurring in the 
medieval and historic phases, this could also be expected to occur, more rapidly 
inundating coastal areas with lavas.  The potential activity of 1571 indicates that an 
opening eruption may reach sub-Plinian in size after 60+ years of repose, but could follow 
a period of quiet intracrateric effusion prior to the production of extensive lava flows and 
paroxysm.   
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Chapter 4:  Spatial, Temporal and Morphometric Analyses of the Effusive 
Eruptive History 
 
4.1 Introduction 
Through the consolidation and analysis of the effusive eruptive history of Vesuvius and 
the preparation of the lava flow maps presented in the previous chapters, it has been 
possible to identify and collate data regarding factors which affect the behaviour, 
formation and hazards posed by lava flows.  Following the more qualitative analysis of the 
activity in Chapter 3, in this chapter we quantitatively analyse the flow dimensions, 
eruption style, vent location and duration.  A number of these factors are critical to lava 
flow hazard assessement, in particular the vent effusing the lavas, the flow lengths and 
how rapidly they are emplaced.  An understanding of the eruption style producing flows 
of particular dimensions is important to determine associations between activity and 
products, and for forecasts of potential flow morphologies in renewed activity.   
 
For each identified characteristic a basic statistical analysis has been undertaken, 
examining their variation with time, vent location and eruption style, and determining 
ranges and average values to identify common activity and trends.  The classification of 
flow-fields on the basis of their characteristics (for example short or long flows) has been 
undertaken using the Vesuvian dataset.  Classification using known characteristics from 
other volcanoes could be beneficial, however, the size of Vesuvius is such that 
comparison with volcanoes such as Etna or the Hawaiian volcanoes is not feasible.  For 
example, the flow-field lengths at Vesuvius are on average considerably shorter than that 
at these volcanoes.  Ranges are therefore calculated based on the maximum values 
determined in this work, which are rounded up to whole numbers (the maximum value is 
always >90% of the upper range limit) and divided to give three equal categories.  Such 
classification is beneficial for qualitatively describing and communicating the data, and for 
use where actual values cannot be used, such as in the geochemistry analysis. 
 
Multiple lava flows were produced in many eruptions, normally comprising overflows 
restricted to the cone and a longer, main flow.  The data presented relates to the longest 
of the lava flows for each eruption. 
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Frequency graphs are used to allow for the observation of how qualitative factors, such as 
vent location, relate to quantitative factors.  For example the maximum flow lengths are 
grouped into 1km categories, and the frequency of their occurrence is shown colour 
coded by vent location.  Some of graphs are included in the text, whilst others are 
referred to and included in Chapter 4 Appendix. 
Not every eruption or flow has been used in this analysis due to inconsistencies with the 
accuracy of the available data.  In this regard, where flows are mapped based on limited 
information (and are therefore presented as inferred flows with an estimated shape and 
size), these values are not included in the analysis in order to minimise errors and to 
present an accurate portrayal of activity at Vesuvius.       
4.1.1 Calculating Flow Dimensions 
The lengths of the main flow-fields are derived from measurements of the longest branch 
of these flows.  The length is determined measuring the path of each flow from the 
source vent to the flow front.  The maximum distance attained from the crater (measured 
in a straight line from the crater centre) is also determined, as this has relevance to the 
hazard though does not demonstrate changes in the properties of the lavas (analysis of 
this is provided in the Maximum Distance Appendix). 
Figure 4-1 illustrates the measurements undertaken, and shows the 1760 flank flow and 
the 1944 main summit flow, with lines (A) representing the maximum distance, (B) the 
maximum length, and (C) and (D) the maximum and minimum widths.  The maximum 
width is particularly relevant from a hazard perspective, as many flows widen at their 
distal ends at lower altitudes on shallow slopes which are more likely to be populated.   
The average width (E in Table 4-1) for each flow is an estimated mean value, based on 
proportions of the flow being different widths.  The length to width ratio (B:E, Table 4-1) 
is calculated using the maximum flow length and average width giving an indication of 
how much longer the flows are than they are wide.  Using the example from Figure 4-1 it 
can be seen that the 1760 flow is approximately 10.5 times longer than it is wide, whilst 
this ratio illustrates how the 1944 flow is approximately 35 times longer than it is wide 
(Table 4-1).  The area is calculated through measurements of the whole flow-fields 
(Eruptive History Appendix) to ensure the accuracy, not through the calculated lengths 
and widths.  
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Figure 4-1: Calculating the flow dimensions, with the 1944 flow (N) and 1760 flow (S) as examples. 
A: Maximum distance from the crater. B: Maximum flow length. C: Maximum width. D: Minimum 
width. 
 
Eruption 
A: Max. 
Distance 
from summit 
(km) 
B: Max. 
Length (km) 
C: Max. 
Width (km) 
D: Min. 
Width (km) 
E: Average 
width (km) 
B:E ratio 
1760 7.1 4.2 0.5 0.1 0.4 
4.2:0.4 = 
10.5 
1944 5.5 7.0 0.7 0.1 0.2 7:0.2 = 35 
 
Table 4-1: Lengths and widths calculated for the flows shown in Figure 1. 
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4.2 Eruption Size and Style 
The activity at Vesuvius over the past 2000 years has been varied, with the volcano 
exhibiting a whole range of possible eruption styles, from the most gentle Hawaiian style 
effusive eruption, to violent and explosive Plinian eruptions.  Individual eruptions are also 
observed to vary in style over time, or with vent location.     
 
4.2.1 Eruption Size  
In order to undertake comparisons of volcanic eruptions an understanding of the scale of 
each eruption is required, and this is undertaken through the use of the VEI scale 
(Newhall and Self, 1982).  The historic eruptions of Somma-Vesuvius have been analysed 
and classified, based on the qualitative description of each eruption as found in modern 
literature and historic accounts, and using the contemporary illustrations.  Scandone et al. 
(1993) provide one of the most detailed directories of the 1631-1944 activity and 
assigned VEI numbers to many of the eruptions, most of which have been adopted 
unaltered in this research.  Although the VEI is normally provided in whole numbers, a 
range is frequently given here, either because the accounts provide limited information, 
or there was a range of activity, for example Vulcanian episodes accompanying ongoing 
effusion of lavas.  The 1631-1944 Vesuvian activity fell into a range of VEI categories, from 
VEI 0 for gentle effusive eruptions, to VEI 4 for the explosive eruption of 1631, and these 
are given in the Eruptive History Table (Appendix).  The most common VEI classifications 
(1 – 3+) assigned for the eruptions are illustrated using images produced at the time of 
the eruptions in a diagram modified after Cas and Wright (1987) (Figure 4-2).  The 
number of eruptions of each VEI classification are calculated and shown in a modified 
table after  Newhall and Self (1982) (Figure 4-3), showing the dominance of effusive 
events during the period 1631-1944. 
 
The VEI values assigned for each eruption are shown in Graph 4-1 illustrating how 
following the sub-Plinian 1631 eruption, activity was dominated by low VEI events 
interspersed with larger (VEI 3) eruptions.
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Figure 4-2: The VEI with corresponding eruption column heights.  (Top): General diagram for Hawaiian to Ultra-Plinian eruptions modified after Cas and 
Wright (1987). (Bottom): The range of activity styles at Somma-Vesuvius during 1631-1944 in historic images. Eruptions left to right: 1847, 1804 (Alfano and 
Friedlaender (1929), 1944, 1794 (Lirer et al., 2005). 
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Figure 4-3: Table showing the Volcanic Explosivity Index (VEI) and associated criteria, modified 
to include the number of eruptions at Vesuvius during the period 1631 to 1944 of each VEI. 
Original from: http://www.volcano.si.edu/world/eruptioncriteria.cfm, modified after Newhall 
and Self (1982).   
 
The majority of the activity is classed at a VEI of 1 (Figure 4-3), with effusive and minor 
Strombolian activity.  It is clear that activity did not change significantly over time, 
however an increased number of eruptions of VEI2-3 is apparent between 1631 and 
1737 (Graph 4-1) indicating increased explosive activity early in the eruptive period.  
This is not certain, for although it can signify an influx of volatile rich magma and hence 
explosive activity (with an overall decrease in explosivity with time, possible to explain 
through the gradual loss of volatiles in the magma, or the stabilisation of the feeding 
system and open-conduit conditions), there may be a prejudice in the reporting of 
events, and the quality of reports generally decreases the earlier the activity as 
discussed in Chapter 2.   
 
During the late 1800s and until the closing eruption of 1944 there were fewer 
explosive episodes with most eruptions comprising gentle lava effusions and classified 
as VEI 1 (Scandone et al., 1993).  These trends are more clearly observed when 
depicting the activity based on eruption style as in Graph 4-2 and Graph 4-3.  
VEI 
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Graph 4-1: The eruption VEI with time for the period 1631 to 1944. Duration 
active is shown in red, and the end date of each eruption is shown in blue 
clearly indicating larger VEI events are short lived. 
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4.2.2 Dominant and Maximum Eruption Style 
In this study rather than adopting the classification scheme of Carta et al. (1981) and 
Scandone et al. (1993) or Scandone et al. (2008), in which activity is classified as Repose, 
Persistent activity, Intermediate or Final eruptions, the named eruption styles 
(Strombolian, Vulcanian etc) are used to describe activity styles and levels.  The style is 
examined and classified for both the maximum explosivity and the dominant eruption 
style.  This division is to enable observations of typical activity over time, allowing for the 
brief, but more violent episodes to be taken into consideration, as well as the persistent 
low level activity.  The description of the eruption styles uses the standard terminology, 
however when categorising the dominant eruption style the activity is often described as 
a range, allowing for clarification on the eruption characteristics. 
 
The number of events classified by eruption style is shown in Figure 4-4 demonstrating 
the prevalence of low explosivity events, with 70% of eruptions being Strombolian at their 
maximum explosiveness, and 60% being dominantly effusive with intermittent 
Strombolian bursts.  The maximum explosivity of events and the dominant eruption style 
is shown with time in Graph 4-2 and Graph 4-3, and is further discussed in the section 
dedicated to eruption style.   
 
Figure 4-4: Pie charts showing the proportion of eruption styles from 1631-1944, for maximum 
explosivity (L) and main eruption style (R).  Repose periods are included to show the overall 
distribution of activity for the whole period.  
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Graph 4-2: Maximum eruption style. 
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Graph 4-3: Dominant eruption style with time. 
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4.2.3 Effusive (Hawaiian) Activity 
The term Hawaiian activity describes effusive events in which significant volumes of lava 
are produced with minimal explosive activity.  This type of activity is generally indicative 
of magmas with low silica contents and low viscosities and yield strength, which enables 
exsolving gases to fragment the magma without violent explosions (Francis, 1993).  Whilst 
the magmas at Vesuvius are more silica rich than those normally involved in Hawaiian 
events, many eruptions were of low VEI and can be classified as Hawaiian or effusive, 
with extensive lava flows produced from the summit or external vents.  As the term 
“Hawaiian” conjures images of lava fountains at fissures on shield volcanoes, the term 
“effusive” is adopted here.  Lava fountains were statistically rare in the historic activity, 
though did form at the summit in some eruptions (Figure 4-5, Table 4-2).   
 
Figure 4-5: A comparison between a lava fountain at the Pu'u'o'o crater on Kilauea (L)(from 
http//hvo.wr.usgs.gov) and lava fountaining during the 1779 eruption at Vesuvius (R) (Alfano and 
Friedlaender, 1929). In both, incandescent spatter is seen falling proximal to the vent.  
 
Some sort of fountain is indicated in many eruptions, however with limited information it 
is unclear if these were true fountains or incandescent spatter ejections accompanying 
Strombolian explosions.  Where durations were given, fountains were sustained for 
between 18 minutes and 5 hours 17 minutes, with the majority lasting for between 20 
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and 40 minutes.  The maximum height of the fountains was 4000m, with most reaching a 
height below 1000m.  The density of the fountains is unknown, as is the vent size and 
fountain diameter, meaning the volume cannot be calculated.  Most fountains occurred 
at the summit crater, with only one occurring at a lateral (1767) vent and one at a flank 
vent (1794).  The lava fountains occurred in pulses, most clearly in the 1929 and 1944 
events, suggesting that discrete pulses of magma ascended to feed these eruptions.  
 
Another feature of Hawaiian activity is the formation of lava lakes, through the collection 
of fluid lava in the crater or depression, sometimes with overflows forming flows.  True, 
fluid, lava lakes are not recognised at Vesuvius, with intracrateric lavas commonly 
collecting as flows cooled and overlapped one another to fill the crater during effusive 
and weak Strombolian activity.  Short periods in which small lava lakes persisted inside 
vents on the crater floor are described.   
 
Very few strictly effusive periods were described (1%), with most eruptions comprising 
the quiet effusion of lavas and periodic Strombolian explosions, often constructing 
spatter cones within the crater, with the Vesuvius cone itself being largely comprised of 
loosely consolidated spatter fragments.  It is possible though, that there were numerous 
periods of purely effusive activity within the summit crater which were unreported due to 
the quiet nature of this activity.   
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Date Description of Fountains Duration of Fountains 
1631 - - 
1704 3200m high - 
1714 - - 
1714-1718 - - 
1767 Lava fountain at lateral vent - 
1779 
2 small lava fountains. Then a third a few 
days later to heights of 2000 – 4000m 
(depicted) 
Lasting at intervals for 4 hours 45 
1794 Lava fountains at flank fracture - 
1805 
75m high fountains. Also described with 
“very high” fountains 
- 
1806 Fountains to 100m - 
1822 
Lava fountain to 600m. Another 
description puts fountain to 2000m 
45 minutes 
1835 – 1838 Minor lava fountains at summit - 
1839 Lava fountains to 400m - 
1857 Lava fountains - 
1867 Lava fountains - 
1900 Lava fountains - 
1929 
Multiple fountains 
300m high 
400m high 
400m high 
500m high 
 
30 minutes 
26 or 36 minutes 
39 minutes 
40 minutes 
1930 Small lava fountains - 
1944 
 
 
 
Multiple fountains reaching 1000m to 
4000m in height 
 
 
 
20 minutes 
20 minutes 
35 minutes 
30 minutes 
18 minutes 
40 minutes 
35 minutes 
5 hours 17 minutes 
 
Table 4-2: Lava fountains from 1631 to 1944, with heights and durations where available (See 
Eruptive History Appendix for references). 
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4.2.4 Strombolian activity 
Strombolian activity is characterised by persistent activity with intermittent discrete 
explosions.  The magma involved in Strombolian activity generally contains a higher 
percentage of volatiles than that producing Hawaiian activity, and has a higher viscosity 
and yield strength (Francis, 1993).  Only low volumes of tephra are normally produced 
(Schmincke, 2004) because of the low energy of the fragmentation, however, eruption 
columns more than 1km in height are sometimes produced but not sustained (Francis, 
1993), and indeed, small ash clouds of less than 5km were produced during this activity at 
Vesuvius.  An example of this eruptive style during the 1817 Vesuvius eruption is 
presented in Figure 4-6 (R), where incandescent clasts can be seen ejected at the summit 
(with two vents apparent).  
 
As discussed, much of the activity of Vesuvius after 1631 was characterised by low 
explosivity eruptions of VEIs of 0-2, of Hawaiian to Strombolian style with over 80% of 
eruptive periods classified as being dominated by these eruption styles.  The majority of 
the lava flows produced from 1631-1944 formed during effusive and Strombolian 
eruptions, often during the early stages of activity prior to more explosive events.   
  
Figure 4-6:  Examples of Strombolian activity. (Left): A Strombolian explosion with the typical 
incandescent spatter at Stromboli, Italy (from http://volcanoes.usgs.gov) (Right): A Strombolian 
eruption during 1813 at Vesuvius (from Alfano and Friedlaender, 1929).  
 
4.2.5 Vulcanian Activity 
Low magnitude vulcanian explosions consist of the violent escape of gas with the 
fragmentation of pre-existing rock, often forming due to pressure in a blocked conduit, 
frequently with high-viscosity, crystal-rich magmas (Francis, 1993).  Volcanic bombs and 
eruption columns are produced with widespread tephra deposition.  These eruption 
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clouds reach greater heights than in Strombolian events, sometimes reaching 10-20km 
(Francis, 1993) (Figure 4-2).  Lava flows are rare; however eruptions of this type can clear 
the conduit allowing for more persistent activity.  
 
Figure 4-7: A Vulcanian phase during the 1944 eruption of Vesuvius (Lirer et al., 2005) 
Graph 4-3 illustrates the rarity of dominantly Vulcanian events (1%), with more (15%) 
being classified as Strombolian to Vulcanian, with explosions producing ash clouds under 
10 km in height, incandescent spatter and bombs, and accompanying the effusion of lava 
flows.  Vulcanian eruptions were largely restricted to summit vents.  Vulcanian activity 
seems to cluster throughout the eruptive period (Graph 4-2), with an increased frequency 
between 1637 and 1707.  After 1707 intermittent Vulcanian explosions occurred until 
1822, when there was again an increase in the number of episodes of this style, 
correlating with an increased number of short repose periods.  From 1872 to 1895 there 
was a return to less explosive activity, followed by numerous Vulcanian bursts until 1906, 
with none subsequent to this until the closing eruption of 1944 (Figure 4-7).  Most of 
these Vulcanian eruptions were short bursts, following temporary blockages of the 
conduit. 
 
There is a prevalence of eruptions including Vulcanian elements preceding the onset of 
repose, and most of these phases were followed by less explosive eruptions than those 
that preceded it, suggesting some cyclicity to events.  The association with Vulcanian 
events will result from the blocking of the conduit, with these explosions frequently 
reported after the subsidence of the crater floor, which may represent the temporary 
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withdrawal of magma from the feeding system leading to Vulcanian events and the 
cessation of activity. 
  
4.2.6 Sub-Plinian Activity 
Sub-Plinian eruptions are associated with high (<30km) sustained eruption columns, 
extensive tephra deposition, pyroclastic flows and surges (Francis, 1993).  
 
 
Figure 4-8: (Above) The 1631 eruption.  Image by J.Passari in Guidoboni (2008), which is a 
coloured version of that referenced to Giovan Battista Passaro in (Lirer et al., 2005). A significant 
eruption column is visible, along with flows reaching the coast, variably interpreted as pyroclastic 
flows or lavas. (Below) The 1794 eruption. Alessandro d'Anna in Lirer et al. (2005). Here a high 
eruption column is visible along with tephra fallout and lavas heading towards the coast. 
 
During the last eruptive period at Vesuvius, only the 1631 and 1794 eruptions had 
sub-Plinian elements (Figure 4-8). The 1631 eruption was the largest, at VEI 4, whilst the 
 
126 
1794 eruption was smaller at a VEI of 3+ (Scandone et al., 1993).  Both eruptions 
produced sustained, high eruption columns with significant tephra fallout and pyroclastic 
flows from the summit of Vesuvius, as well as extensive lava flows from flank vents.  Both 
eruptions were preceded by a period of low-explosivity intracrateric activity and the filling 
of the crater with lavas, prior to the development of flank fissures and the more explosive 
phase.     
 
4.2.7 Periods of Repose  
During 1631-1944 many phases of quiescence were recorded, in which all activity, with 
the exception of fumarolic activity, ceased at the surface (Graph 4-4).  These stages were 
over 100 days in duration, however there were other brief cessations of surface activity.  
True repose is considered as times when the magma column is not present within the 
edifice, but many of the traditionally considered quiescent periods at Somma-Vesuvius 
were brief, and magma may have remained in the edifice.  A number of cases may have in 
fact been periods of reduced, quiet activity within the summit crater. The repose periods 
here have been altered from Scandone et al. (1993) to reflect date changes in the historic 
literature and Lirer et al. (2005), and where necessary to reflect previously unaccounted 
periods of activity, in which minor, principally effusive activity is identified as having 
occurred.  This is largely achieved through the description of the crater found to be filled 
with lavas subsequent to repose periods, after explosive eruptions were described as 
excavating the crater (see Eruptive History Appendix).  The prolific number of periods of 
activity compared with repose is shown clearly in Graph 4-4, where is it also apparent that 
these active periods are generally far longer than the quiescence.  The post-1944 repose is 
evidently of considerably longer duration than any gap in activity during the phase 1631 to 1944. 
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Graph 4-4: Duration of active (red) and repose (blue) periods 
throughout the eruptive period. 
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4.3 Duration of Active Flow-Fields 
The period for which lava flow-fields outside of the crater were active is described here 
as duration.  This does not include any previous intracrateric effusion that led to 
overflows.  This duration is shorter than the eruption itself, with active lavas outside of 
the crater only present for brief stages of the eruptions. The duration has been 
determined through the study of the historical accounts for the lavas which are most 
accurately depicted and described.  This largely corresponds with lava flows that 
extended far from the crater and/or affected the population.  If the effusive duration is 
unclear the value is omitted from the analysis to avoid erroneous results.    
  
The duration is an important factor for forecasting how long lava flows may be mobile 
in the future, and also to provide estimates of speed and output rates of the active 
lavas.  This duration however, does not correspond with the time taken to reach the 
full flow-field length, with some lava flow-fields extending rapidly at the onset of 
effusion, followed by a period of slower expansion or addition. 
 
48 flow-fields produced in this period are studied statistically here, with sufficient data 
to prevent error.  The durations are determined in number of days, with statistics 
shown in Table 4-3.  A considerable range in durations is found at Vesuvius, with some 
lava flow-fields developing in only one day, and others active over a number of years, 
with the longest duration of 4 years and 2 months seen in the 1895-1899 eruption.  
This eruption occurs during a period between 1858 and 1899 in which the longest-
duration flows occurred (Graph 4-5).  Through the statistical analysis of the averages 
for these durations, it becomes clear that the majority of flows formed rapidly and 
were active for a low duration, with a modal life-span of 8 days and a median of 9.5 
days.  The mean value calculated is significantly higher at 145 days, due to the skewing 
properties of the higher duration events.  
 
To demonstrate this tendency for low duration events, the lava flow-fields are divided 
into groups of recognisable periods – less than one week, less than one month, less 
than 100 days and more than 100 days (Table 4-3).  This demonstrates how the longer 
durations were rare, with almost three quarters of flow-fields active for less than one 
month, and over a third active for less than one week.  This is further illustrated 
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through Table 4-4, in which the flow-fields are classified in four duration categories, 
demonstrating how most flows were active for between a week and a month.  This 
indicates relatively short bursts of effusion feeding these flows, and suggests that the 
magma feeding these episodes ascends in discrete small batches.  With 21% of the 
flows active over a period of more than 100 days, another level of effusion with 
continuous magma supply is indicated.   
 
Duration  Results Comments 
Range <1 - 1528 (range of 1527) - 
Mode 8 5 flows lasted for 8 days. 
Median 9.5 
The median demonstrates that 
there were few eruptions of high 
duration. 
Mean 145 
Skewed by the longer-duration 
events 
Duration 
Number of Flows  
and Percentage (out of 48) 
≤7 days 17 (35%) 
≤31 days 35 (73%) 
<100 days 38 (79%) 
≥100 days 10 (21%) 
Table 4-3: Statistics regarding the flow-field durations. 
Classification 
Duration 
(Days) 
Number 
of Flows 
Percentage 
(%) (of 48) 
 
Short-lived: 
less than a 
week 
1-7 17 35 
A week to a 
month 
8-31 18 38 
A month to 3 
months 
32 – 93 3 6 
Long-lived: 
More than 3 
months 
94+ 10 21 
 
Table 4-4: Categorisation of flow durations. 
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Graph 4-5: Duration by date of activity. Note the y-axis is logarithmic. 
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A relationship is apparent between duration and vent location, with the longest lived 
lava flow-fields produced from lateral vents, whilst flank vents produced short-lived 
flow-fields (Figure 4-9, Graph 4-6).  Summit flow-fields occurred with a range of 
durations, though these were still substantially shorter-lived than many lateral 
effusions.  Despite the variation in durations by vent location, the mode and median 
values of all three vent categories are under 11 days, reflecting the short-lived nature 
of the majority of flows.  The mean is the most significantly affected by vent location, 
with a mean duration of over 9 months (295 days) at lateral vents, over one month (43 
days) at the summit, and under a week (4 days) at flank vents.  
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 Summit Lateral Flank 
Number of flow-
fields 
24 20 4 
Range 2-238 days 1-1528 days 1-8 days 
Mode 10 days 1,6,8 days (all twice) 1,2,5,8 days (all once) 
Median 10 days 10.5 days 3.5 days 
Mean 43 days 295 days 4 days 
Duration 
Number of Flows (% 
out of 24) 
Number of Flows (% 
out of 20) 
Number of Flows (% 
out of 4) 
≤ 7 days 6 (25%) 8 (40%) 3 (75%) 
≤ 31 days 18 (75%) 13 (65%) 4 (100%) 
<100 days 20 (83%) 14 (70%) 0 
>100 days 4 (17%) 6 (30%) 0 
Classification 
Number of Flows (% 
out of 24) 
Number of Flows (% 
out of 20) 
Number of Flows (% 
out of 4) 
Short-lived: less than 
a week 
6 (25%) 8 (40%) 3 (75%) 
A week to a month 12 (50%) 5 (25%) 1 (25%) 
A month to 3 months 2 (8%) 1 (5%) 0 
Long-lived: More 
than 3 months 
4 (17%) 6 (30%) 0 
 
 
Figure 4-9: Statistics and pie charts illustrating duration by vent location. 
Lava flows were produced from the summit for between 2 and 238 days, though many 
of these started as intracrateric effusions, gradually filling the crater to the point of 
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overflow.  Were the periods of intracrateric effusion included, it is expected that the 
summit and lateral durations may be very similar at the upper levels.  These periods of 
intracrateric effusion and the durations of many minor overflows on the upper cone 
are unclear however, and as such are not included in this analysis.  Of the summit 
flow-fields analysed, 75% were active for less than one month, with just 17% of flows 
lasting more than 3 months (Figure 4-9).  Lateral vent-fed effusions lasted between 1 
day and over 4 years.  These longer-lasting effusions produced flow-fields commonly 
consisting of many overlapping, short-lived flow units.  Despite the clear trend (Graph 
4-6) of the longest-duration flow-fields forming at lateral vents, only 30% were active 
for more than 3 months whilst 40% were active for less than a week (Figure 4-9).  Lavas 
from flank vents were active for between 1 and 8 days, being short-lived in character.   
 
As expected, the longest-duration lava flow-fields were produced during the low-
explosivity eruptions, with the short duration flows produced during activity which was 
characterised by dominant explosive elements (Graph 4-7).  This relationship is not 
strict, with a range of durations (days to years) present within the low explosivity 
events, but the longest durations in effusive to Strombolian eruptions.  The mean and 
median values calculated demonstrate a lowering of the duration with increasing 
explosivity, and also a decrease in the range of durations.  This relationship is less clear 
when investigated by maximum explosivity (Table 4-5).  
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Maximum 
Explosivity 
Duration (Days):  
Range 
Duration (Days):  
Mean 
Duration (Days):  
Median 
Duration 
(Days):  Mode 
Effusive 426 426 426 - 
Strombolian 
2 – 1093 (range 
of 1091) 
175.9 22.5 2 
Vulcanian 
1 – 1528 (range 
of 1527) 
109.1 8 1, 4, 6, 8 
Sub-Plinian 2 – 5 (range of 3) 3.5 3.5 - 
Dominant 
Eruption Style 
Duration (Days):  
Range 
Duration (Days):  
Mean 
Duration (Days):  
Median 
Duration 
(Days):  Mode 
Effusive 
5 – 1093 (range of 
1088) 
263 115 - 
Effusive -
Strombolian 
2 – 1528 (range of 
1526) 
190.7 10 2,6,8 
Strombolian 
1 – 234 (range of 
233 
30.1 8 1,8 
Strombolian 
to Vulcanian 
1 – 15 (range of 
14) 
7.5 7 - 
Vulcanian 5 5 5 - 
Sub-Plinian 2 2 2 - 
 
Table 4-5: Statistics for duration and maximum and dominant eruption styles. 
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4.4 Morphometric Analyses 
4.4.1 Flow-Field Lengths 
The shapes and dimensions of 37 of the lava flow-fields emplaced between 1631 and 
1944 could be reliably determined from field studies and historical data. Their lengths 
ranged between 1 and 7.65 km, the longest being erupted in 1834. Most lengths lay 
between 4 and 6 km, with similar mean and median values of 4.13 and 4.48km 
respectively.  The length distribution showed no strong modal value.  
 
Based on their potential for reaching populated districts and the length not exceeding 
8km, the flow-fields have been sub-divided into three length categories (Table 4-6). 
Thus short (lengths <2.66 km), mid-length (2.67-5.33 km) and long flow-fields (>5.34 
km) will threaten communities if erupted, respectively, from low altitudes, middle 
altitudes and any altitude on the volcano. Almost half of the measured flow-fields are 
mid-length flows, with equal numbers of short and long flows (Table 4-6).  Flank vents 
fed almost exclusively mid-length lavas (between approximately 2.5 and 6km in 
length), whereas all flow-field categories have been produced from summit and lateral 
vents.  
 
There appears to be a relation between mean (and median) flow length and explosivity 
(Table 4-8, Graphs 1-3 Chapter 4 Appendix). This might respond to heightened effusion 
rates during these periods.  No relationship with time is observed. 
Classification 
Number of 
Flows 
Percentage (%) 
 
Short 10 27 
Mid-length 17 46 
Long 10 27 
 
Table 4-6: Proportion of flow-fields in each length category, numerically and illustrated in the 
pie chart.   
 
138 
Vent 
Location 
Max. Flow Length (km): 
Range 
Max. Flow Length 
(km): Mean 
Max. Flow Length 
(km): Median 
Summit 1.77 – 7 (range of 5.23) 3.92 4.5 
Lateral 0.99 – 7.65 (range of 6.66) 4.29 4.82 
Flank 2.48 – 5.7 (range of 3.22) 4.21 4.33 
 
Table 4-7: Statistics for maximum flow length and the corresponding vent locations. 
 
Maximum 
Eruption Style 
Max. Flow Length (km): 
Range 
Max. Flow Length 
(km): Mean 
Max. Flow Length 
(km): Median 
Effusive 1.99 1.99 1.99 
Strombolian 1.63 – 5.42 (range of 3.79) 3.73 3.99 
Vulcanian 0.99 – 7.65 (range of 6.66) 4.58 5.06 
Sub-Plinian 4.45 – 5.70 (range of 1.25) 5.08 5.08 
Dominant 
Eruption Style 
Max. Flow Length (km): 
Range 
Max. Flow Length 
(km): Mean 
Max. Flow Length 
(km): Median 
Effusive 1.91 - 5.13 (range of 3.22) 3.72 4.45 
Effusive -
Strombolian 
0.99 – 7.65 (range of 6.66) 3.98 4.1 
Strombolian 1.89 – 5.69 (range of 3.8) 4.30 4.63 
Strombolian to 
Vulcanian 
2.48 – 7.00 (range of 4.52) 4.69 4.6 
Vulcanian 6.83 6.83 6.83 
Sub-Plinian 5.70 5.7 5.7 
Table 4-8: Statistics for the flow length and corresponding maximum and dominant eruption 
styles. 
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4.4.2 Flow-Field Widths 
Information on flow-field width is important from a hazard perspective to understand 
how a flow spreads laterally and farther affects people and property, and it is also 
relevant in understanding flow-field development and morphology.  The minimum, 
maximum and average widths of Vesuvius’ lava flow-fields have been determined.  
Flows inferred from limited information are excluded from the analysis.  
 
As lavas are controlled by topography, the minimum widths are normally found where 
the flows were constrained by topographic features, and as such this minimum width 
is not analysed in detail.  The maximum width of flows is usually found at the distal 
ends of flows on shallow gradients.  Average width is used in this analysis as this has 
been determined to provide an indication of overall flow morphology.   
 
Flow-field widths ranged between 20m and 2.84km, and most reached a maximum 
width of less than 1km (Table 4-9).  Although widths were highly variable, a slight 
increase in maximum width was observed in flow-fields after the 1822 eruption (Graph 
4, Chapter 4 Appendix), in which the widest flow-fields were produced.  The analysis of 
the maximum width by vent location shows the widest flow-fields were produced at 
lateral vents, with summit flow-fields demonstrating the lowest maximum width 
values (Table 4-10), with the same relationship with average width observed (Graphs 
5,9, Chapter 4 Appendix).   
 
The average width along the flow-fields does not exceed 0.9km and this average value 
formed the basis of a qualitative classification into the width categories given in Table 
4-11.  The dominance of narrow flow-fields is clear, with over 60% classified as such, 
and only 8% designated as wide.  
 Range Mean Median 
Minimum Width (km) 0.02 – 0.4 (range of 0.38) 0.1 0.1 
Maximum Width (km) 0.09 – 2.84 (range of 2.75) 0.6 0.5 
Average Width (km) 0.07 – 0.82 (range of 0.75) 0.3 0.25 
Table 4-9: The range, mean and median values for the average, maximum and minimum 
widths for the main lava flows of each eruption. 
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Max. Flow Width (km): 
Summit 
Max. Flow Width (km): 
Lateral 
Max. Flow Width (km): 
Flank 
Range 0.09 – 0.7 (range of 0.61) 0.29 – 2.84 (range of 2.55) 0.3 – 1.04 (range of 0.74) 
Mean 0.4 0.8 0.6 
Median 0.3 0.7 0.6 
 
Average Flow Width 
(km): Summit 
Average Flow Width 
(km): Lateral 
Average Flow Width 
(km): Flank 
Range 0.07 – 0.31 (range of 0.24) 0.16 – 0.82 (range of 0.66) 0.25 – 0.70 (range of 0.45) 
Mean 0.2 0.34 0.46 
Median 0.2 0.34 0.45 
Table 4-10: Statistics for maximum and average width and vent location. 
 
Classification 
Average 
Width 
(km) 
Number of 
Flows 
Percentage 
(%) 
 
 
Narrow 
0.00 –  
0.29 
22 61 
Mid-width 
0.30 – 
0.59 
11 31 
Wide >0.60 3 8 
 
Table 4-11: Classification of flows based on average width, with a pie chart to show percentage 
of flows in each category. 
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Maximum 
Explosivity 
Average Width (km): Range 
Average Width 
(km): Mean 
Average Width 
(km): Median 
Effusive 0.22  0.22 0.22 
Strombolian 0.13 – 0.63 (range of 0.5) 0.26 0.23 
Vulcanian 0.07 – 0.82 (range of 0.75) 0.32 0.25 
Sub-Plinian 0.5 – 0.7 (range of 0.2) 0.6 0.6 
Dominant 
Eruption Style 
Average Width (km): Range 
Average Width (km): 
Mean 
Average Width 
(km): Median 
Effusive 0.22 – 0.5 (range of 0.28) 0.35 0.35 
Effusive -
Strombolian 
0.13 – 0.82 (range of 0.69) 0.31 0.25 
Strombolian 0.16 – 0.4 (range of 0.24) 0.26 0.2 
Strombolian to 
Vulcanian 
0.07 – 0.25 (range of 0.18) 0.17 0.2 
Vulcanian 0.19 0.19 0.19 
Sub-Plinian 0.7 0.7 0.7 
 
Table 4-12: Statistics for average flow width and maximum and dominant eruption styles. No 
relationship is found, also see Graphs 6,7 C4 Appendix.  
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4.4.3 Length to Width Ratio 
The length to width ratio describes the approximate shape of the flow.  This is 
calculated using maximum length and average width, and allows observations on how 
much longer a flow is than it is wide.  A short and wide flow produces a low ratio, 
whilst a long and narrow flow results in a high ratio.   
 
Length to width ratios have been calculated for 30 Vesuvian lava flow-fields, and the 
mean, median and modal values found are shown in Table 4-13.  A range is obtained, 
from 5 (the eruptions of 1875-1884, 1891-1894 and 1895-1899), to 36 (the 1906 lavas).  
The modal values of 5, 9 and 15 were each found three times, demonstrating the 
tendency for formation of relatively short flow-fields in comparison to their width. 
 Range Mean Median Mode 
Length to width 
ratio 
5 – 36 (range of 
31) 
17.1 15.5 5, 9, 15 
 
Table 4-13: The average values calculated for the length to width ratios. 
Categorisation of ratios is undertaken through the division of the highest ratio value to 
provide three classes (Table 4-14).   41% of flow-fields have a medium L:W ratio 
(between 12 and 24 times longer than they were wide).  A similar number (38%) have 
a low ratio, indicating comparatively wide flow-fields, though still up to 12 times as 
long.  Only 22% had a high ratio, clearly indicating that long, narrow flow-fields formed 
less frequently than relatively short and wide flow-fields. 
 
There is no clear trend of the length to width ratio throughout the eruptive period 
(Graph 10, C4 Appendix), but the lowest ratios cluster with the 1875-1884, 1891-94 
and 1895-99 eruptions, and the highest in the 1900s with the 1906, 1929 and 1944 
eruptions all producing long, narrow flow fields.   
 
In respect to vent location, flank vent flow-fields showed a lower ratio overall than at 
the summit and lateral vents.  This relationship would be expected due to the lower 
slope angles the lavas are produced on, with fewer topographic constraints channelling 
the flows.   The lowest mean and median values, and smallest range of ratios was 
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found in the flank vent flow-fields, and a wide and similar range of ratios has been 
calculated for flows from summit and lateral vents (Graph 4-8 and Table 4-15).   
Classification 
Ratio 
Range 
Number 
of Flows 
Percentage 
(%) 
 
Low 0-11.99 12 38 
Medium 12-23.99 13 41 
High >24 7 22 
 
Table 4-14: Classification of flows based on the length to width ratio. 
 
 
Length to Width 
Ratio: Summit 
Length to Width 
Ratio: Lateral 
Length to Width 
Ratio: Flank 
Range 8 – 35 (range of 27) 5 – 36 (range of 31) 8 – 11 (range of 3) 
Mean 21.8 16.1 9.5 
Median 23 15.5 9.5 
Table 4-15: Statistics for length to width ratio and vent location 
 
 
Graph 4-8: Length to width ratio and vent location frequency graph. 
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Although the lowest ratios were produced in low-explosivity activity, no clear 
relationship can be found between the eruption style and subsequent length to width 
ratio (Table 4-16, Graphs 11,12 C4 Appendix).  
 
Maximum 
Eruption Style 
Length to Width Ratio: 
Range 
Length to Width Ratio: 
Mean 
Length to Width Ratio: 
Median 
Effusive - 9 9 
Strombolian 5 – 34 (range of 29) 16.7 15 
Vulcanian 5 – 36 (range of 31) 19.4 17 
Sub-Plinian 8 – 9 (range of 1) 8.5 8.5 
Dominant 
Eruption Style 
Length to Width Ratio: 
Range 
Length to Width Ratio: 
Mean 
Length to Width Ratio: 
Median 
Effusive 5 – 18 (range of 13) 11.2 9 
Effusive -
Strombolian 
5 – 34 (range of 29) 16.5 15 
Strombolian 11 – 28 (range of 17) 20.4 21 
Strombolian to 
Vulcanian 
10 – 35 (range of 25) 22.5 22.5 
Vulcanian - 36 36 
Sub-Plinian - 8 8 
 
Table 4-16: Statistics for length to width ratio and maximum and dominant eruption styles. 
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4.4.4 Flow-Field Area 
Through the detailed measurement of the mapped flows, the total area inundated by 
lava in the period 1631 to 1944 has been estimated as 107km2 (including lava flow-
fields inferred and extrapolated from the records).  The total without these inferred 
flows is 67.38km2, indicating coverage of about 100km2 is reasonable.  In this study, 
the 28 most accurate flow-fields have been used for statistical purposes.  
 
Flow-field areas of 0.45km2 to 7.93km2 were found, with the mean and median values 
of 2.2 and 1.7km2 indicating the prevalence of flow-fields invading small areas.  Three 
categories have been defined based on the maximum value of 8km2 (Table 4-17).  
Through this classification, the dominance of small area flow-fields is again apparent, 
with 75% classified as such.   
 
The large area inundated by flank vent flows during the 1631 eruption skewed the 
results of the relation between area and vent location, as after this eruption the 
largest areas covered were observed in lateral-vent fed flow-fields (Graph 4-9).  The 
summit vents showed a small range of areas covered, despite a good number of data 
points, indicating that summit flows on average form areas of just over 1km2 and 
below 2km2 (Graph 4-9, Table 4-18).  
 
Category 
Range 
(km2) 
Number 
of Flows 
Percentage 
(%) (of 28) 
 
Small 0 – 2.66 21 75 
Moderate 
2.67 – 
5.33 
5 18 
Large ≥5.34 2 7 
 
Table 4-17: Categorisation of lava flows based on their area into groups, with the results 
shown in a pie chart. 
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 Area (km2):  Summit Area (km2): Lateral Area (km2): Flank 
Range 0.45 – 1.8 (range of 1.35) 0.87 – 6.31 (range of 5.44) 0.55 – 7.93 (range of 7.38) 
Mean 1.2 2.6 3.2 
Median 1.2 1.7 2.1 
 
Table 4-18: Statistics for area and the associated vent location. 
 
 
Graph 4-9: Area of flows and vent location frequency graph. 
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Maximum 
explosivity 
Area (km2):  Range Area (km2):  Mean Area (km2):  Median 
Effusive - - - 
Strombolian 0.45 – 4.48 (range of 4.03) 1.7 1.3 
Vulcanian 0.96 – 6.31 (range of 5.35) 2.4 1.7 
Sub-Plinian 2.2 – 7.93 (range of 5.73) 5.1 5.1 
Dominant 
Eruption Style 
Area (km2):  Range Area (km2):  Mean Area (km2):  Median 
Effusive 1.1 – 4.48 (range of 3.38) 2.4 2.0 
Effusive -
Strombolian 
0.45 – 4.16 (range of 3.71) 1.8 1.5 
Strombolian 0.96 – 6.31 (range of 5.35) 2.4 1.7 
Strombolian 
to Vulcanian 
0.45 – 1.45 (range of 1) 1 1 
Vulcanian - 4.7 4.7 
Sub-Plinian - 7.9 7.9 
 
Table 4-19: Statistics for area and maximum and principal eruption style.  No relationship is 
observed, see also Graphs 14,15 C4 Appendix.  
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4.4.5 Thickness 
Thickness varies greatly throughout most flows, largely controlled by changes in slope 
gradient and topographic features such as valleys confining the lavas.  Field studies and 
literature have allowed the identification of precise thicknesses of some Vesuvian 
lavas, however, only 17 average thickness values are considered here due to the 
absence or inaccessibility of outcrops, and the lack of literature in this matter.  
Categorisation, as in other variables, is not undertaken with thickness; instead a broad 
grouping of flows is accomplished through the identification of simple and compound 
flow-fields, with the latter building up thick piles of individual flow units.   
 
The range of flow-field thicknesses found at Vesuvius is apparent from Table 4-20.   
Despite the occurrence of compound flows up to 160m in thickness, it is clear from the 
median value of 4.9m that there is a dominance of thinner flow-fields.   
 
 Range Mean Median 
Thickness (m) 
1.65 – 160 (range of 
158.35) 
28.1 4.9 
 
Table 4-20: Statistics for the thickness of flows for the 17 with thicknesses available. 
Excluding the lateral-vent fed compound flow formations, a similar range of flow-field 
is observed across the vent locations (Table 4-21, Graph 4-10).  On average, the 
thickness of flank vent fed flow-fields are greater than summit flows, as expected from 
the variations of the slopes where they were erupted.    
 
 Thickness (m):  Summit Thickness (m):  Lateral Thickness (m):  Flank 
Range 1.65-6.5 (range of 4.85) 3 – 160 (range of 157) 4 – 8.30 (range of 4.30) 
Mean 4.0 38.3 6.1 
Median 3.8 5.0 6.1 
 
Table 4-21: Statistics for thickness and vent location. 
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A cluster of thick, compound flow-fields developed between 1858 and 1899 during 
low-explosivity eruptions, with no other trend with time (Graph 16-18, C4 Appendix). 
 
 
Graph 4-10: Thickness and vent location frequency graph. 
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4.4.6 Aspect Ratio 
Walker (1973b) defined the concept of aspect ratio for describing flow shapes and 
behaviours, through the comparison of flow thickness (m) and area (km2).  Aspect ratio 
allows lavas to be categorised into groups of particular behaviours commonly seen in 
flows of particular compositions (Figure 4-10).   
 
 
Figure 4-10: Aspect ratio, Walker (1973b).  
The results for those flow-fields for which accurate area and thickness data is available 
demonstrate a range of aspect ratio values (Graph 4-11) with most flow-fields, the 
aspect ratio reflects a behaviour similar to that of basalts (Figure 4-10).  A large range 
of aspect ratio values are yielded, though with the median and mode indicating the 
prevalence of lower ratios (Table 4-22).  The three outliers on Graph 4-11 represent 
the thick compound piles produced in the late 1800s, and do not show the ratio for the 
individual flow units. 
 
 Range Mean Median Mode 
Aspect ratio 
(x10-7) 
7 – 1227 (range 
of 1220) 
192 20 
8, 20 (both 
appear twice) 
 
Table 4-22: Statistics for aspect ratio. 
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Graph 4-11: Aspect ratio after Walker (1973b) showing the thickness of the flows in 
comparison to the area covered. 
The low number of data points available for this variable makes it difficult to confirm 
relationships, however the lower aspect ratios found at the summit and flank vents 
may be expected (Table 4-23), with the highest aspect ratios associated with the low-
explosivity eruptions of 1891-94 and 1895-99 (Table 4-24).   
 
 
Aspect Ratio 
(x10-7): Summit 
Aspect Ratio 
(x10-7): Lateral 
Aspect Ratio (x10-7):  
Flank 
Range 45 7-1227 (range of 1220) 8-38 (range of 30) 
Mean 45 252 22 
Median 45 20 20 
 
Table 4-23: Statistics for aspect ratio by vent location. 
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Maximum 
Explosivity 
Aspect Ratio (x10-7): 
Range 
Aspect Ratio (x10-7): 
Mean 
Aspect Ratio (x10-7): 
Median 
Effusive - - - 
Strombolian 7-1227 (range of 1220) 383 149 
Vulcanian 8-1053 (range of 1045) 146 20 
Sub-Plinian 8-38 (range of 30) 23 23 
Dominant 
Eruption Style 
Aspect Ratio  
(x10-7): Range 
Aspect Ratio  
(x10-7): Mean 
Aspect Ratio  
(x10-7): Median 
Effusive 7-1227 (range 1220) 424 38 
Effusive -
Strombolian 
12-1053 (range of 
1041) 
233 29 
Strombolian 8-127 (range of 119) 52 20 
Strombolian to 
Vulcanian 
45 45 45 
Vulcanian 9 9 9 
Sub-Plinian 8 8 8 
 
Table 4-24: Statistics for aspect ratio and maximum and dominant eruption styles. 
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4.4.7 Volume 
The volume of lava produced in each eruption and over the whole eruptive period 
from 1631 to 1944 is vital to determine the size of magma batches feeding the 
volcano, and to calculate the output rates that may be expected to feed future lava 
flows. Despite the relatively well constrained flow-field areas, the determination of 
volume for most Vesuvian eruptions is problematic due to the scarcity of information 
related to flow thickness.   
 
In this section, the volumes of 15 lava flow-fields have been obtained using the area 
and thickness calculated in this study as well as through the mean of the literature and 
calculated values (which showed an 80% similarity).  For the exception of compound 
fields, which take the shape of domes, volume has been calculated through thickness 
estimates for different areas of the flow-field.  
 
A range with an order of magnitude between volumes has been found, with a 
difference between the smallest and largest of over 80x106m3, but demonstrating 
through the calculation of the averages, that the majority comprised less than 
50x106m3 (Table 4-25).  
 
 Range Mean Median 
Volume (x106m3) 
7.56 – 88.8 (range of 
81.24) 
27 17.63 
Table 4-25: Statistics for volume calculations. 
 
The classification of flow-field volumes into broad groups allows for comparison with 
other factors, while allowing for the uncertainty.  As in previous cases, the volumes are 
classified into three groups, each approximately a third of the maximum value each 
(Table 4-26).  This classification shows the dominant form of low volume flow-fields 
with 73% of flow-fields classified as such.   
While no trends or cycles have been identified in the volumes emitted, as discussed in 
the eruptive history high volume compound flow-fields were emitted in the latter half 
of the 1800s, whilst low volume flow-fields were more evenly distributed (Graph 4-12).   
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Classification 
Volume 
Range 
(x106m3) 
Number of 
Flows 
Percentage 
(%) (of 15) 
 
Low Volume 
0.00 – 
29.99 
11 73 
Medium 
Volume 
30.00 – 
59.99 
2 13 
High Volume ≥ 60.00 2 13 
Table 4-26: Categories of volumes and number of flows grouped into each category. 
 
 
Graph 4-12: Volume of flows over time, colour-coded by category to allow for the uncertainty 
in the precise volumes. 
The average volumes calculated by vent location highlight the dominance of low-
volume flow-fields, with only a slightly higher average in the lateral vents (Table 4-27, 
Graph 4-13).  Too few data points are available for the summit flows to accurately 
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assess these.  The intracrateric emissions prior to overflow would have been 
voluminous in many instances.   
 
 
Volume (x106m3):  
Summit 
Volume (x106m3):  
Lateral 
Volume (x106m3):  
Flank 
Range 9.72(low) 
7.56 – 88.88 (range of 
81.32)  
(low to high) 
8.65 – 45.58 (range of 
36.93)  
(low to medium) 
Mean 
9.72  
(low) 
28.80  
(low) 
24.17 
(low) 
Median 
9.72  
(low) 
19.4  
(low) 
17.27  
(low) 
 
Table 4-27: Statistics for volume and vent location, and volume categories for each average 
value. 
 
Graph 4-13: Volume by vent location. 
There is no clear association between the style and subsequent volume overall 
however the highest volumes were produced during eruptions with Strombolian 
elements (Table 4-28, Graphs 19,20, C4 Appendix).   
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Maximum 
Explosivity 
Volume (x106m3):  
Range 
Volume (x106m3):  
Mean 
Volume (x106m3):  
Median 
Effusive - - - 
Strombolian 
7.55 - 88.75 (range of 
81.20) 
36.24 24.27 
Vulcanian 
8 – 71.36 (range of 
63.36) 
21.14 15.5 
Sub-Plinian 
17.625 - 46.58 (range 
of 28.96) 
32.10 32.10 
Dominant 
Eruption Style 
Volume (x106m3):  
Range 
Volume (x106m3):  
Mean 
Volume (x106m3):  
Median 
Effusive 
13.44 - 35.1 (range of 
21.66) 
22.055 17.625 
Effusive -
Strombolian 
7.555 – 88.875 (range 
of 81.32) 
35.38 18.26 
Strombolian 
8.65 – 25.1 (range of 
16.45) 
15.08 11.495 
Strombolian to 
Vulcanian 
9.715 9.715 9.715 
Vulcanian 19.4 19.4 19.4 
Sub-Plinian 46.58 46.58 46.58 
 
Table 4-28: Statistics for volume and maximum and dominant eruption styles. 
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4.4.8 Mean Output Rate 
The rate at which the lavas were emitted from the vent is crucial to the development 
of flow-fields, with high effusion rates during the first few days of eruptions 
responsible for the emplacement of long flows.  The effusion rate frequently drops 
with time, but with a continued supply the lava flow-fields may develop branches and 
undergo thickening and broadening in the medial zone.  Terminology regarding this 
rate varies depending on the determination method.  Harris et al. (2007), (2009) 
explain the various terms as follows: Effusion rate is the volume flux of lava erupted at 
a point in time; Time-averaged discharge rate is the average effusion rate over given 
time periods; Eruption rate is the total lava volume over the time since the eruption 
began; Mean output rate (MOR) is similar to the eruption rate, but found after the 
eruption using the total lava volume and total duration.  For this research, it is only 
possible to determine the MOR.   
 
In this research the total flow-field volume and the total duration of lava production 
(not eruption duration) has been used to calculate the MOR.  This has been 
undertaken for the 15 eruptions for which this data is available (1631, 1737, 1754, 
1760, 1767, 1794, 1834, 1839, 1855, 1858, 1872, 1891-94, 1895-99, 1906 and 1944).  
As the volumes are means and considered informative, but not definitive, the mean 
output rate must also be viewed as such.  
 
Mean output rates from less than 1m3/s to nearly 300m3/s were found, with the 
majority of the considered flow-fields produced at rates large enough to produce 
rapidly-emplaced a’a flows (Table 4-29).  The mean output rate was sub-divided into 
categories on the basis of the association of rates of less than 10m3/s with pahoehoe 
formation, and rates over this being associated with a’a formation (Rowland and 
Walker, 1990).  Of those calculated, the majority are grouped into the low and 
moderate categories, however over 60% are discharged at a rate capable of forming 
a’a flows (Table 4-30). 
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 Range Mean Median 
MOR (m3/s) 
0.37 - 290.51 (range 
of 290.14) 
53.5 23.15 
Table 4-29: Statistics for calculated mean output rates. 
 
Category 
Value of Mean Output Rate 
(m3/s) 
Comments 
Low MOR ≤10 
Associated with pahoehoe 
flows 
Moderate MOR 11-49 A’a flows 
High MOR ≥50 A’a, and likely very long flows 
Category 
Number 
of Flows 
Percentage 
(%) (of 15) 
 
Low MOR 5 33% 
Moderate 
MOR 
8 53% 
High MOR 2 13% 
 
Table 4-30: Categorisation of the mean output rate and number of flows found per category. 
 
At 107 m3/s, the highest mean output rate (potentially resulting in rapidly emplaced 
flows) was found at flank vents (Table 4-31, Graph 22 C4 Appendix) and large output 
rates were also found at lateral vents, a key observation for the management of lava 
flow risks in the area.  A broad relationship with lower output rates associated with the 
lower explosivity eruptions was observed (Table 4-32, Graph 4-14). 
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Mean Output Rate 
(m3/s):  Summit 
Mean Output Rate 
(m3/s):  Lateral 
Mean Output Rate 
(m3/s):  Flank 
Range 28.11 
0.37 – 290.51 (range 
of 290.14) 
12.51 – 269.56 (range 
of 257.05) 
Mean 28.11 41.05 107.62 
Median 28.11 22.17 40.80 
Table 4-31: Statistics for MOR and vent location. 
Maximum 
Explosivity 
Mean Output Rate 
(m3/s): Range 
Mean Output Rate 
(m3/s): Mean 
Mean Output Rate 
(m3/s): Median 
Effusive - - - 
Strombolian 
0.37-29.14  (range of 
28.77) 
8.37 1.98 
Vulcanian 
0.54-290.51 (range of 
289.97) 
50.97 23.15 
Sub-Plinian 
40.8-269.56 (range of 
228.76) 
155.18 155.18 
Dominant 
Eruption Style 
Mean Output Rate 
(m3/s): Range 
Mean Output Rate 
(m3/s): Mean 
Mean Output Rate 
(m3/s): Median 
Effusive 
0.37 - 40.49 (range of 
40.12) 
14.72 2.99 
Effusive -
Strombolian 
0.54 – 30.39 (range of 
29.85) 
15.10 14.78 
Strombolian 
12.51 - 290.51 (range 
of 278) 
108.40 22.17 
Strombolian to 
Vulcanian 
28.11 28.11 28.11 
Vulcanian 44.91 44.91 44.91 
Sub-Plinian 269.56 269.56 269.56 
Table 4-32: Statistics for mean output rate and maximum and dominant eruption styles. 
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Graph 4-14: Mean output rate and main eruption style frequency graph. 
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4.5 Inter-Relationships between Variables 
4.5.1 Identification of Flow-field Types  
Through the comparison of the flow dimensions, common shapes and sizes of the 
flows have been described and significant relationships have been established.  
 
Two main styles of flow-field are identified as being produced in the period 1631-1944 
(Table 4-33): 
- Simple flow fields, comprising elongate singular or several a’a flows, 
generated in under 100 days 
- Compound flow fields of pahoehoe units stacked on each other, 
sometimes to a great thickness forming mounds of lavas, over periods of 
more than 300 days 
 
The predominant style is the simple flow-field, as these were generated in 
approximately 90% of lava flow producing eruptions.  Large piles of pahoehoe flows 
were a relatively rare product, occurring in just eight eruptions.  Further compound 
flow-fields probably formed during the slow overflow of lavas at the summit crater, 
however these flow-fields are not explicitly described and are not available for field 
studies. 
  
 
Graph 4-15: Flow-field style over time.  The gaps represent repose or periods where activity 
was restricted to the crater, (e.g. 1632-1694 activity was restricted to the deep crater).  
 
162 
Walker (1972) was the first to propose the terms ‘simple’ and ‘compound’ in relation 
to lava flow morphology.  These two dominant flow-fields morphologies are identified 
at many volcanoes, and numerous authors have sought to explain the controlling 
mechanisms behind their formation.   
Simple flows are longer than they are wide, and comprise singular flows, or a few flow 
units (the smallest component of lava body), often with branches, and are generally 
produced during short eruptions with a high initial effusion rate that decreases rapidly 
with time (Walker, 1972, Harris and Rowland, 2009).  At Vesuvius, many simple flow-
fields extend beyond the caldera rim and onto the lower flanks, and consist of a 
massive interior and a’a surface.  Flow-fields of this type were not clustered with time 
(Graph 4-15), occurring throughout the historic period from the summit, lateral and 
flank vents during effusions of less than 100 days.  
 
Simple Flow-Fields at Vesuvius Compound Flow-Fields at Vesuvius 
Most common form excluding intracrateric flows 
Rare, though prevalent morphology during 
persistent crater-filling episodes 
Occurred throughout the period 1631-1944 
Pile-forming events restricted to 1858-1926. 
Intracrateric compound flows & short overflows 
formed throughout the period 
Comprise singular or a few a’a flow units 
Comprise multiple overlapping pahoehoe flow 
units 
Range of lengths (≤7.65km) Generally short flow-fields (≤4.27km) 
Range of widths Generally wider than the simple flow-fields 
Range of length to width ratios Low length to width ratios 
Flow thickness averages ~4m Formation of thick fields and lava piles ≤160m 
Range of durations, but majority forming in less 
than 31 days 
Long-duration, with piles all forming over >300 
days 
Lower volume than the compound fields High volume flow-fields 
Moderate and high effusion rates Low effusion rates 
 
Table 4-33: Simple and compound Vesuvian flow-fields and their characteristics 
 
 
 
163 
 
Figure 4-11: Map of compound lava piles produced during 1631 to 1944. 
Compound flow-fields consist of multiple, short pahoehoe flow units piled on top of 
each other.  At Vesuvius, these flow-fields are short and wide, and thus do not reach 
far beyond the Somma caldera rim (Figure 4-11).  The identification of pahoehoe flow-
fields is made difficult through their proximity to the vent at Vesuvius and common 
burial during subsequent eruptions, and thus the cases discussed in this work were the 
eight instances in which very thick compound flow-fields developed, producing dome-
like piles.  These occurred late in the eruptive period, from 1858 to 1926 (Graph 4-15). 
These compound flow-fields were not the exclusive flow form during this period, with 
multiple simple flows also generated (some of which were very extensive, such as 1872 
and 1906).  All but the 1926 mounds formed from lateral vents, during long-duration 
lava effusions lasting months to years.  The 1926 mounds are an exception; these 
formed as part of a long-duration eruption of intracrateric lavas (from 1913), leading to 
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an overflow in 1926 which may have been active for as little as five days (based on 
dates from Alfano and Friedlaender (1929), Scandone et al. (1993), Lirer et al. (2005)), 
with a maximum duration of 246 days calculated from the date of the subsequent flow 
reported in Alfano and Friedlaender (1929).  The uncertainty of the extent and 
duration of the 1926 flow excludes this from the calculation of the mean, median and 
range for the compound flows (with further analysis of the flow types in Chapter 8, 
Table 8-1). 
 
4.5.2 Morphometric analysis 
The distinction between the simple and compound lava flow-fields becomes apparent 
through the morphometric analyses, with the separation between the two flow 
morphologies apparent through the plotting of the data determined here.  The data 
have therefore been separated and treated as two data series, as when plotted as one 
dataset trends are heavily controlled by the few compound flows.  
 
The positive correlation between length and area follow an approximately logarithmic 
trend (Graph 24, C4 Appendix) indicating that the potential damage resulting from 
longer flow-fields is not only restricted to the distance that flows could reach.  The 
expected negative correlation between the length and width of flow fields is not seen 
with the Vesuvian lavas, with the average width varying widely with length (Graph 25, 
C4 Appendix).  A linear relationship is present between the length and width for the 
compound flow-fields, showing increased length with increased width.  The average 
width would also be expected to have a direct effect on the area, and a correlation is 
seen with increasing average width corresponding with increasing area (Graph 4-16).  
The compound and simple flow fields both show a linear relationship between area 
and width.  No relationship is found between the area and L:W ratio (Graph 26, C4 
Appendix). 
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Graph 4-16:  Area of main flows by average width of flow 
The compound flow-fields of piles of lava flow units are the thickest flow-fields and are 
generally restricted to the caldera and upper slopes, demonstrated through the 
comparison of thickness and L:W ratio (Graph 4-17),  and flow-field length (Graph 27, 
C4 Appendix).  Low ratios are associated with the thickest flows, most evident in the 
compound flow-fields.   
 
Graph 4-17: Thickness of flow by length to width ratio with a logarithmic trend line applied. 
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Association between Duration and Morphometry 
Here the association between the life-span of the flow-fields and the resulting 
morphology is investigated.  The duration has shown some association with the flow-
field length, with the shorter, compound flow-fields produced over longer durations 
(Graph 4-18).  The correlation is not precise with a range of values produced, but an 
overall trend points towards the formation of long flows during short duration 
effusions.   
 
Graph 4-18:  Duration and flow-field length.   
 
Long durations do not only correlate with the development of short to mid-length 
flow-fields, but also with wide flows.   With longer durations associated with summit 
and lateral vent effusions, these relationships are important for a hazard management 
scenario.  A range of values is produced, with some wide flow-fields forming more 
rapidly (Graph 4-19).  The relationship with length and width is further observed with a 
distinct correlation seen between the L:W ratio and duration (Graph 4-20). Low ratio 
values of relatively short and wide flow-fields are associated with long durations and 
the production of the compound lava piles.  High ratios, representing longer flows in 
comparison with their width are associated with short durations and simple flow-
fields.  This is not a strict correlation, with low L:W ratios also forming in short periods. 
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Graph 4-19: The duration and the average width. Red = compound. Blue = Simple. 
 
Graph 4-20: Duration and length to width ratio.  
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observed between the duration and thickness.  Graph 4-21 demonstrates how the 
longer-lived compound flow-fields are the thickest formations, whilst those more 
rapidly formed simple flows are thinner.  The flows <100 days duration and <40m 
thickness show no correlation, however a linear trend can be inferred in the 
compound flow-fields.         
 
Graph 4-21: Thickness by duration. 
 
The aspect ratio is heavily controlled by the flow-field thickness and therefore 
correlates closely with duration, with the higher aspect ratios associated with the 
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Graph 4-22: Aspect ratio and duration. 
 
4.5.3 Relationships Between Volume, Mean Output Rate and Flow 
Dimensions 
Long-lived lava flow-fields are associated with higher volume flows (Graph 4-23), with 
low and medium volume flow-fields varying in duration but with most produced over 
much shorter periods.  As would be expected, the mean output rate (as a function of 
volume and duration), is much higher at lower durations, with the lowest mean output 
rates associated with the longest durations (Graph 30, C4 Appendix).  Volume and 
mean output rate do vary, with the highest mean output rates being related to 
moderate volumes, but as previously shown, the highest volumes being associated 
with the lowest mean output rates (Graph 31, C4 Appendix). 
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Graph 4-23: Volume and duration, with an exponential trendline. 
Two of the highest volumes were in the widest flow-fields, and an overall linear 
relationship exists in the simple flow-fields of increasing width and increasing area with 
increasing volume (Graph 4-24, Graph 4-25).  
 
Graph 4-24: Volume and area of flow-field. 
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Graph 4-25: Volume and width of flow-fields. 
The shortest flow-fields are found to have the higher volumes, with flow-fields over 
4km in length all being classified as low volume (Graph 4-26).   
 
 
Graph 4-26: Volume and flow-field length. 
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A relationship is present between the volume and length to width ratio, with the high 
and moderate volumes all showing the lowest L:W ratios (Graph 4-27).  Plotting the 
simple flows separately indicates that within this flow type there is a less well defined 
relationship.  The volume and flow-field thicknesses are inherently linked, and this is 
demonstrated in Graph 34 (C4 Appendix).  
The relationship between mean output rate and length is not as distinct as initially 
expected (Graph 4-28, see discussion in Chapter 8), with the highest output rates 
associated with flow-fields around 5-6km in length, but longer flow-fields present with 
moderate mean output rates.  An exponential curve best fits the data when both the 
simple and compound flow-fields are entered, however when separated there is no 
good trend. There is no association between the mean output rate and flow-field 
width or length to width (Graphs 35-36, C4 Appendix). 
 
 
Graph 4-27: Volume and length to width ratio. 
 
173 
 
Graph 4-28: Mean output rate and length. 
The area varies within the low and medium mean output rates, but the highest mean 
output rates correlate positively with the highest areas (Graph 4-29).  This is reflected 
in the relationship with aspect ratio (Graph 37, C4 Appendix), with the highest 
thickness flow-fields associated with low output rates (Graph 4-30). 
 
Graph 4-29: Mean output rate and area with a linear trendline. 
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Graph 4-30: Mean output rate and flow thickness. Circles represent compound flows. 
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4.6 Statistical Analysis of Intracrateric Lavas 
The period 1631-1944 was characterised by frequent lava effusions within the summit 
crater, which, when full was either fragmented by a more explosive event or 
overflowed at low points of the crater rim.  The majority of this activity was effusive 
with episodes of Strombolian explosions, producing lavas and spatter.  These episodes 
were recorded throughout the eruptive period, with observations from a distance of a 
glow or small ash clouds above the crater or through reports from visitors to the 
crater.   
 
Contemporary chronicles confirm that Vesuvius’ crater was constantly changing in size 
and shape, through volcanic, seismic and landslide activity.  However, with 
considerable scientific interest throughout much of the last eruptive phase, reports of 
the crater size are sometimes available, particularly after explosive eruptions, and this 
allows for calculations of intracrateric volumes emitted over time.  Where the 
dimensions specific to an eruption are unavailable, the measurement closest in time is 
used to estimate crater volume.   
 
The crater can be said to approximate a paraboloid in shape (Figure 4-12), forming an 
oval cup narrowing towards the bottom.  Although a generalised shape, using the 
crater depth and radius, it is expected to provide a fair approximation of the crater 
volume (using Equation 1).  This volume estimation is regarded to then represent the 
volume of intracrateric lavas.  Although other eruptive and landslide material may also 
have contributed to the crater filling it is assumed this would have been minimal. 
 
V = ½π r2 h 
 
Equation 1: The calculation of the volume of a paraboloid, where r is crater radius and h is 
crater depth. 
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Figure 4-12: The crater is taken as being shaped as a paraboloid for the purposes of calculating 
volume, using h (height, or depth of crater) and r (radius of crater). 
 
There are only 12 instances for which the intracrateric volume can be estimated.  The 
range determined from these 12 volume calculations is substantial, from less than 
1x106m3 to over 1000x106m3, however the average values demonstrate how the 
volumes found were commonly relatively low (Table 4-34, Graph 4-31) with the 
exception of the immense crater excavated during the 1631 eruption (estimated at 
1013x106m3), which took until 1694 to fill.   
 
 Range Mean Median 
Volume of lava 
(x106m3) 
0.52 – 1013 (range of 
1012.48) 
164 27 
 
Table 4-34: Statistics for volume of intracrateric lavas produced. 
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Graph 4-31: Volume of intracrateric material with dates of intracrateric activity. 
 
Effusion varied in intensity and may not have been persistent, however the total 
period over which the crater filling occurred is taken as duration for the calculation of 
an average output rate.   
 
 Range Mean Median 
Mean Output Rate 
(m3/s) 
0.02 – 184 (range of 
183.98) 
19 0.79 
Table 4-35: Statistics for the mean output rate of intracrateric lavas. 
 
The statistics for these mean output rates (Table 4-35) indicate a large range of results, 
but with a dominance of low rates with a median value of less than 1m3/s (Graph 
4-32).  All but one of the calculated effusion rates were below 3m3/s, indicating how 
most of the intracrateric lavas were erupted slowly, forming compound pahoehoe 
flows on the crater floor.  Indeed, where historic images are available, pahoehoe flows 
are often seen covering the crater floor, and in some cases overflowing to form short 
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piles of lava on the crater rim (see Image Appendix).  The only estimated high output 
rate, at 184m3/s was calculated for the filling of the crater reported prior to the 1631 
eruption, based on the description of the crater in the historic reports discussed in 
Chapter 3.   
 
 
 
Graph 4-32: Mean output rate for intracrateric lavas and date of activity. 
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4.7 Summary 
It has been shown that the period 1631-1944 was dominated by effusive and weak 
Strombolian activity at VEI1-2, with uncommon VEI3+ events.  Activity became less 
explosive after 1872, possibly indicating reduction in fresh magma and the loss of 
volatiles, or a stabilised open-conduit system.  Lava flows were produced during 
eruptions of all styles including the violent explosive events, however most were 
produced during effusive to mild Strombolian activity.  In total an area of about 
100km2 was inundated with lavas during 1631-1944.  Two flow-field morphologies 
have been recognised: simple elongate a’a flows emplaced in short durations; and rare 
compound short, wide piles of pahoehoe flow units which developed over long 
durations.  The thick compound piles were the highest volume, but most flow-fields 
were less than 50x106m3.   
The duration flow-fields were emplaced over ranged from 1 day to over 4 years, 
however with almost three quarters emplaced in less than a month and 21% in over 
100 days, two forms of ascent and effusion are indicated.  The long duration effusion 
from lateral vents is probably an external manifestation of the intracrateric filling.  The 
ascent of discrete magma batches is indicated both by the emplacement of about a 
third of flow-fields in under a week and the occurrence of lava fountains in bursts 
typically lasting about 30minutes.  
Mean output rates of 1-300m3/s have been calculated, with most lavas discharged at 
rates commonly associated with a’a flows.  The longest flows formed at moderate 
mean output rates, with higher MORs associated with flows of 5-6km length.  This rate 
is across the entire effusion duration, and it is recognised that the initial effusion rate 
was probably higher than the MOR with some flows reaching their maximum length 
rapidly.  Flow-fields up to 7.65km were produced, with an average length of 4.13km.  
Flank vents fed flows up to 6km in length, with even their shortest flows capable of 
inundating now populated zones due to their low altitude.  This coupled with the 
finding that on average flank vent-fed flows were emplaced at the highest MOR in the 
shortest durations is critical to lava hazard assessment.  The production of mid-length 
and long lava flows in short duration events from all vents is also crucial for timing of 
mitigation measures.     
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Chapter 5:  Sample Analysis 
The analysis of the Vesuvius lava flow-field vent origin, morphology and characteristics 
and subsequent categorisation of these features is unique to this work, and 
demonstrates the formation of lavas of different characteristics at different rates.  It is 
found that the flow-field characteristics are variable across the three vent locations 
and also that the lavas can be broadly grouped into two main formations: simple and 
compound.  These differences in characteristics warrant study in conjunction with 
sample analysis to identify if there is an underlying chemical or mineralogical control 
on the resulting flow-fields.   
 
The in-depth description of the composition and mineralogy of the lavas is outside the 
scope of this research, and multiple authors have analysed the volcanic products of 
Somma-Vesuvius.  Belkin et al. (1993) explore the geochemistry of the post-1631 lavas 
and find no significant compositional difference with time, but here we add to this 
study through the investigation of the flow-field characteristics and geochemistry.  Any 
relationship identified will be briefly examined, with a view to further, more rigorous 
future studies.  Here we aim to identify whether the recognised flow-field types at 
Vesuvius show any consistent change between them in their geochemistry and crystal 
content, which could indicate a petrological control on the flow-field characteristics.  
As the lavas are known to be broadly uniform in composition, only minor changes are 
probable, however it could be expected that the simple flow-fields emplaced in short 
durations would show a less evolved nature than the lava piles formations in which the 
flows do not travel far from the vent.  We also investigate whether a broad change is 
seen by vent location, which could indicate differences between the feeding systems 
of the vents.  For example, more distal flank vents could be fed by vertical feeder dykes 
from different areas of the magma reservoir or from individual magma storage areas, 
which would be highlighted through this study in a geochemical change.   
 
Fieldwork was undertaken to study field outcrops and to collect samples for 
laboratory-based analysis.  Samples were collected with permission from the 
Osservatorio Vesuviano and Vesuvio National Park.  Although lavas were widely 
distributed, the Vesuvian region is densely populated and anthropogenic activities 
have substantially altered the landscape, with towns built atop lava flows and 
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significant quarrying of the lavas for centuries.  This has impacted on the field analysis 
with the majority of the lava flows at least partially removed, or largely obscured by 
vegetation or structures, limiting the number of samples possible and the amount of 
information that can be collected in the field.  Despite this, samples of 25 lavas have 
been collected.  Samples from the Somma edifice, the cones of Pollena and 
Viuli-Fossamonaca and pre-1631 lavas were collected to investigate any evolution of 
the magmas over time, and to add to the database of flank vent data.  The principal 
focus of this study is on the post-1631 activity, and as such lavas from this period were 
more extensively sampled, giving specimens of lavas from 1631, 1754, 1760, 1794, 
1804, 1805, 1806, 1822, 1834, 1839, 1855, 1858, 1861, 1872, 1886, 1895-1899, 1906, 
1913-1944, 1929, 1941 and 1944.  These lavas have been identified using GPS and 
maps, with the primary identification tool being Rosi et al. (1987a).  Every effort was 
made to correctly identify the flows, however the relationship between flows is 
complex and their identity is uncertain in some localities.  Due to accessibility issues, 
most samples are from the more recent eruptions and those producing extensive lava 
flows, reaching beyond the Somma caldera (Figure 5-1).  Sampling was undertaken to 
recover the least altered specimens of the massive interior of the flows.  
 
Two basic analyses are undertaken here; a) x-ray fluorescence analysis of the bulk 
geochemistry, and, b) crystallinity through a visual estimation of the percentage of 
crystals in thin sections. 
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Figure 5-1: Map of lavas from 
all vent locations, overlain on 
a Google Earth image of the 
study area, with sample 
locations plotted. 
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5.1 X-Ray Fluorescence (XRF) Analysis 
The samples were prepared for whole-rock geochemical analysis through X-Ray 
Fluorescence (XRF), whereby the composition of the rocks could be determined providing 
the standard major and trace element contents.  This analysis is here used as a tool to 
determine whether the chemical composition of the lavas plays a significant role in the 
development of the flow-fields and the behaviour of the lavas.   
 
The samples were first chipped and powdered using a jaw crusher and TEMA mill, after 
removing the altered and weathered parts of the samples to prevent contamination.  The 
fine powders derived were then pressed into pellets for trace element analysis and 
prepared as glass fusion discs for the analysis of major elements, with LOI (loss on 
ignition) calculated to approximate volatile content.  The XRF spectrometry was 
undertaken at the University of Portsmouth, where certified reference materials were 
used to ensure calibration and accuracy.  The major elements are shown by percentage 
oxide of the sample, and the trace elements as parts per million.  The software 
GeoChemical Data ToolKit (GCDkit) was utilised to analyse the results.  
 
A full dataset of lava samples for all ages and flow dimensions is required to properly 
identify trends in the characteristics of the lavas.  As such, data from published analyses 
of Vesuvian lavas were added to the dataset.  A very comprehensive geochemical analysis 
of post-1631 lavas is that of Belkin et al. (1993), with the major and trace elements 
tabulated for a large number of lava flows.  The samples collected as part of this research 
project are used in conjunction with the results from Belkin et al. (1993), resulting in 37 
lava flows from the period 1631 to 1944 being analysed, and completing a fairly robust 
dataset which allows for observations to be made with some certainty.   
 
The two datasets are plotted in a TAS diagram demonstrating good similarity in the 
results allowing confidence in the testing methods (Graph 5-1).  This diagram after Le Bas 
et al. (1986) shows the total alkali content against silica, allowing a broad classification of 
the rock types.  The Vesuvian lavas are basic rocks, with a relatively narrow range of low 
silica contents.  Most classify as phonotephrites, with a range of alkali contents placing 
some samples as tephriphonolites and trachybasalts.  
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Graph 5-1: All of the samples from this research (green) and those from Belkin et al. (1993) (in 
black) for post 1631 lavas. 
 
The datasets from this research and Belkin et al. (1993) are integrated and analysed 
together according to the grouping for the variable under consideration.  Those factors 
discussed and categorised in Chapter 4 are studied here: 
- Age 
- Vent location 
- Eruption style  
- Duration  
- Length 
- Average width 
- Length to width ratio 
- Area 
- Compound or simple flow formations 
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- Volume 
- Effusion rate 
 
Through the subdivision of the characteristics any chemical influence on the 
characteristics and lava flow-field morphology can be identified, for example if there is a 
change in the geochemistry between short and long flow-fields.  
 
TAS and Fenner diagrams are utilised to plot the results.  Other variation diagrams 
plotting relationships between the major and trace elements were plotted, with those 
demonstrating segregation included here, however for most categorisation there was 
little chemical difference determined.     
 
The results from the analysis of this research are tabulated with that of Belkin et al. 
(1993) in the Geochemistry Appendix, and additional graphs are presented in the 
Geochemistry and Crystallinity Graph Appendix. 
 
5.1.1 Age 
The lavas are divided on the basis of their age to investigate if there is a change in the 
geochemistry with time.  Broadly the lavas can be split into pre- and post-1631, with the 
lavas from the most recent eruptive period then divided by century.  
 
The study of the pre- and post-1631 lavas indicates a change in composition with time 
(Graph 5-2).  With the exception of four samples, the older lavas have a higher silica and 
lower alkali content, with most therefore classifying as basaltic trachyandesites.  These 
pre-1631 samples comprise lavas from the Somma edifice and flank vents, and will be 
excluded from further analysis as the focus of this study is on post-1631 lavas.   
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Graph 5-2: TAS diagram. Black: post-1631 lavas; Red: pre-1631 lavas. 
 
The lavas erupted in the last eruptive period are categorised by century, and no clear 
magmatic evolution is apparent over time.  There is some slight grouping with time, 
indicating minor chemical composition changes, for example the 1800s and 1900s show 
lower MgO (Graph 5-3), Cr and Ni, with a corresponding increase in Sr and Rb.  This 
indicates that the later lavas are generally more evolved, but without a clear distinction.  
The lavas from the 1700s show the largest range of results for most elements, with the 
lavas from the other centuries plotting within this.        
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Graph 5-3: Fenner diagram of MgO and major elements categorised by age. Black: 1600s, Red: 
1700s, Green: 1800s, Blue: 1900s. 
 
5.1.2 Flow-Field Morphology 
There is no distinct chemical control on the lengthening of the lavas, with lavas of the 
three length categories showing overlapping chemical compositions.  There are good size 
datasets for all three categories, which should allow relationships to be determined.  The 
short flows have the most constrained chemical range, and, although not distinct from 
the mid-length and long flows, have overall a higher Ba and alkali content (Graph 9, 10 C5 
Appendix).  The mid-length and long flows have very variable results across a wide range.      
 
There is no evidence of a chemical influence on the widening of the flow-fields.  As no 
chemical changes between length and width categories have been observed, there is also 
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no segregation on the basis of the length to width ratio, or in the categorisation by area 
(Graph 11 to 16, C5 Appendix).   
 
Although no apparent relationships exist in the categorisation by flow-field dimensions, 
when categorised as compound piles or simple flow-fields, some segregation becomes 
evident.  The compound lava pile formations group together towards one end of the 
composition range, with, on average, higher Ba, Sr and total alkali content (Graph 17, C5 
Appendix) and lower MgO than the simple flows (Graph 5-4) indicating chemically more 
evolved lavas.  As with all, there is considerable overlap, with simple flow-fields also 
showing these compositions.   
 
The volume has not been calculated for many of the lavas, therefore a high proportion of 
data points are classed as unknown in this analysis, however the same trend as with 
compound pile-formations is observed in the high volume category, as it is these which 
were the highest volume flow-fields (Graph 18, 19,  C5 Appendix).  There is some further 
segregation by Sr, with increasing strontium from low to high volumes (Graph 20, C5 
Appendix).  
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Graph 5-4: MgO and major elements categorised by compound pile formation (black) or simple 
flow-field (red). 
 
5.1.3 Duration 
The life-span of the lava flow-fields was found to be closely associated with the resulting 
morphology in Chapter 4, and an association is found with the geochemistry.  Little 
difference was found between the duration categories of under a week and under a 
month, so these have been combined here to better demonstrate the difference between 
short-lived (<1 month) and long-lived (>1 month) flow-fields.   
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Graph 5-5: MgO and major elements categorised by duration: Short-lived ≤31 days in red, 
Medium 31-99 days in green and ≥100 days in black. 
 
The prevalence of short-lived flows is distinctly seen, however, despite fewer data points 
for the longer duration flow-fields there is a clear separation of the results with longer-
duration flows plotting at one end of the composition range in comparison with the 
expansive range of compositions in the short-duration samples.  The MgO content (Graph 
5-5) is higher in the majority of short-duration flows, however as with all this analysis, a 
number of short-lived flows also showed the same compositions as those longer-lived.  
The longest durations are again representative of the compound pile-formations, and the 
results stem from the slow magma ascent allowing some crystal settling.  The medium 
and long-lived lavas show good similarity, however these show segregation in their TiO2 
content (Graph 5-5). 
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5.1.4 Eruption Style and Effusion Rate 
The chemical composition of magmas is often broadly linked to the eruption style, with 
generalisations possible, such as increased silica content resulting in increased explosivity.  
The Vesuvius lavas show similar chemical compositions and little to no segregation is 
observed in the geochemistry and identified eruption styles, indicating that this was not a 
controlling factor during the last eruptive period (Graph 4 to 6, C5Appendix).  
 
As with the volume, there are large numbers of unknown effusion rate points as this 
could not be calculated for all flows, however there remain good datasets for the 
categories.  Minor segregation is apparent in the low effusion rate flow-fields, in 
correlation with the high-volume, compound flow-fields, showing lower MgO and 
increased Sr.  Overall however, all effusion rate categories show a similar range of 
chemical compositions (Graph 21- 22, C5 Appendix).    
 
5.1.5 Vent Location 
The vent location is determined for most lavas, however the origin is uncertain in a few 
cases, where these are therefore classified as unknown.  A geochemical change in the 
lavas of different vents may be expected, with possible independent feeding systems.   
 
The plots show significant overlap of chemical compositions for all vents, indicating that a 
common magma source is present.  There is some segregation, particularly evident in the 
flank vent fed lavas.  These have, on average, a lower total alkali content (Graph 2, C5 
Appendix), lower Al2O3, Ba and Sr and higher MgO, CaO, Cr and Ni levels than lavas from 
the summit or lateral vents.  The Fenner diagrams comparing the MgO content with the 
other major elements (Graph 5-6) shows the separation of the flank vent data points, 
plotting overall with higher MgO content than the higher vents.  The lowest Ba content 
on average is found in the flank lavas, with the highest on average in the summit lavas 
(Graph 3, C5 Appendix).   
 
The number of points on the graph illustrates a large number of samples for the small 
number of flank vent flows, demonstrating through their spread that there is a small 
chemical change between samples, likely due to the sample location within the flow. 
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Graph 5-6: Fenner diagrams of MgO and the major elements, categorised by vent location. Black: 
Summit, Red: Lateral, Green: Flank, Blue: Unknown. 
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5.2 Thin Section Analysis 
The Vesuvian lavas all show a similar basic composition, with the principal crystallising 
phases of clinopyroxene (augite), leucite and plagioclase feldspar (Scandone et al., 2008), 
with iron oxides present in the groundmass of all the lavas, and olivine, nepheline, biotite 
and amphibole occurring as accessory minerals in some lavas.  The variation between the 
lavas comes with the range in crystal sizes and proportions of crystals.  In hand specimen 
the lavas are predominantly fine grained and porphyritic, with euhedral phenocrysts of 
augite and/or leucite often present up to 4mm in size.  In thin section analysis the 
phenocrysts are commonly seen to be within a microcrystalline groundmass.  Most of the 
lavas can be classed as leucite tephrite.  These potassium rich tephrites (K-tephrites) are 
described by Kilburn and McGuire (2001) as being products of effusive to mildly explosive 
activity, with more evolved phonolitic and trachytic magmas being associated with more 
explosive activity.  It has been suggested that the porphyritic and less evolved nature of 
the lavas demonstrate that crystallisation was able to occur throughout the magma with a 
small volatile content contained within the liquid body, thus erupting as a fluid with some 
explosive fragmentation of the lavas where conduit conditions were favourable to the 
build-up of gases (Kilburn and McGuire, 2001).      
 
The two main phenocryst phases are clinopyroxene and leucite.  The presence of 
clinopyroxene indicates a magnesium-iron rich magma (MacKenzie and Adams, 1994).  
Often seen as phenocrysts up to 4mm in size, clinopyroxene is also present as 
microphenocrysts and in the groundmass of Vesuvian lavas.  Many of the clinopyroxene 
phenocrysts show oscillatory and sector zoning, which may be a product of circulation 
within the reservoir or influxes of new magma.    
Leucite is a very common constituent of the Somma-Vesuvian lavas, observed forming 
large euhedral crystals up to 10mm in size, but more commonly seen at <4mm, and often 
dominant as microphenocrysts at approximately 0.5mm.  The feldspathoid leucite 
indicates a potassium rich and silica-poor magma (MacKenzie and Adams, 1994).  In many 
lavas the leucite microphenocrysts appear skeletal or snowflake-like with many melt 
inclusions, indicating rapid growth. 
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5.2.1 Crystallinity and Large Phenocryst Phase  
The study of the size and proportion of crystals can be used to demonstrate how the 
magma body and conduit conditions are conducive to the growth of different crystal 
phases, with minerals being present as phenocrysts, microphenocrysts and in the 
groundmass.  This indicates repeated influxes of fresh magma into stalled or 
slow-ascending magma batches, perhaps providing the impetus for eruption. 
 
Thin sections were studied from 18 lava flows, with multiple thin sections available for 
some of these flows.  Some variation in the composition, crystallinity and vesicularity is 
seen between the samples of any one flow, as a result of the sample location within the 
flow, and for the purposes of this study a mean value is calculated for the percentage 
crystallinity.   
 
Strongly porphyritic lavas were effused in the last eruptive period (Scandone et al., 2008). 
The total crystal content over 0.1mm in the lavas approximately ranges from 20-35%, 
comprising phenocrysts and microphenocrysts in a microcrystalline groundmass.  The 
majority of crystals, at 10 to 30% by area of the samples are 0.1-1mm in size, dominantly 
comprising clinopyroxenes, leucites and feldspars.  The next most common size at <10% 
of the sample is 1-2mm, these crystals being predominantly clinopyroxene and leucite.  
Crystals over 2mm are much rarer, at less than 5% by area, with only clinopyroxene and 
leucite growing to this size in the Vesuvian lavas. 
 
Vesuvian lavas commonly show a monomineralic large phenocryst phase, with the largest 
phenocrysts comprising either clinopyroxene or leucite (Kilburn and McGuire, 2001).  
Leucite crystals are less dense than magma and therefore prone to floating, whilst 
clinopyroxene are more dense and are more likely to sink, and thus separation under 
gravity of these crystals is permitted if the magmas ascend at a slow enough rate (Kilburn 
and McGuire, 2001).   
 
Kilburn and McGuire (2001) note that it is rare to find large crystals of both these 
minerals, with either only one present, or both present as smaller crystals.  This is indeed 
observed and identified for a number of the Vesuvian lavas in this research.  The presence 
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of the minerals is also compared with the lava flow-field characteristics identified through 
Chapter 4, using frequency graphs to identify relationships here.      
 
Lavas from 18 eruptions were examined, and of these all were found to contain large 
(>1mm) phenocrysts of clinopyroxene (augite), either independently or as well as large 
leucite phenocrysts (Table 5-1).  The proportions of these minerals is rarely equal, and 
although never present as the sole large phenocryst phase, leucite is frequently dominant 
as microphenocrysts.  Out of the 18 flows studied here, 50% are seen to contain large 
phenocrysts of both clinopyroxene and leucite, and 50% with clinopyroxene only.  In two 
flows both clinopyroxene and leucite are seen as large crystals, but with very small 
quantities of augite compared with the dominant leucite, which may be an example of 
incomplete mineral separation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
196 
  Eruption 
Large >1mm Phenocryst: 
Clinopyroxene Only 
Large >1mm Phenocryst: 
Both Clinopyroxene and 
Leucite 
1631 Cpx only - 
1754 - Both 
1760 Cpx only - 
1794 Cpx only - 
1804 Cpx only - 
1805 - Both 
1806 Cpx only - 
1822 - Both 
1834 Cpx only - 
1834 Cpx only - 
1855 - Both 
1858 - Both 
1861 Cpx only - 
1872 Cpx only - 
1895-1899 - Both 
1906 - Both 
1929 - Both 
1944 - Both 
 
Table 5-1: The large phenocryst phase identified in thin section analysis of Vesuvian lavas. 
 
197 
There is an indication of a relationship between eruption duration and the large 
phenocryst phase, though with only two data points for the >3 month duration 
flow-fields, this relationship cannot be confirmed (Graph 25, Appendix).  A higher 
frequency of clinopyroxene-only lavas is observed in short-lived flows, and the 
longest-lived flow-fields have both minerals as phenocrysts.  The duration is broadly 
reflective of effusion rate and magma ascent rate, with the phenocrysts indicative of 
pre-eruption history.  However, at low effusion rates, twice as many flows contain both 
leucite and clinopyroxene as large crystals than only clinopyroxene.  At medium and high 
effusion rates the opposite is true (Graph 26, Appendix), so the relationship is unclear.  
 
The lavas from summit and lateral vents are seen to contain either clinopyroxene only, or 
both clinopyroxene and leucite as the large phenocryst phase, whilst only large 
phenocrysts of clinopyroxene are present in flank vent lavas (Graph 5-7).  
 
 
Graph 5-7: Vent location and large phenocryst phase. 
 
Little difference is seen between the presence of clinopyroxene or leucite with the 
eruption style (Graph 23, 24 Appendix), or maximum flow length, with all three categories 
of flow length showing almost equal number of lavas with both clinopyroxene and leucite 
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and clinopyroxene phenocrysts only (Graph 27, Appendix).  The average width of the 
flows shows similarity in all three categories, with only the intermediate width category 
showing two more flows with clinopyroxene only as the large phenocryst phase (Graph 
28, Appendix).  Whilst neither the length or width individually show great differences 
between their categories and the large phenocrysts, when examining the length to width 
ratio a difference is demonstrated, with flows with a high length to width ratio having 
both large leucite and clinopyroxene crystals (Graph 5-8).  
 
 
Graph 5-8: Length to width ratio and large phenocryst phase. 
 
The area of the flows also shows differences, with the small area category having twice as 
many flows with both minerals as large crystals than just clinopyroxene, and the opposite 
seen in large area flows, with twice as many showing clinopyroxene phenocrysts only 
(Graph 5-9).  
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Graph 5-9: Area of flows and large phenocryst phase. 
 
More flows of low volume are seen to have clinopyroxene only as large phenocrysts, 
whilst high volume flows are only seen to have a mix of both minerals present as large 
crystals, however, again, only two flows for the high volume category are present.  The 
same relationship is found for the flow-field form, with the high volume compound 
formations of 1858 and 1895-1899 having a mix of both phenocrysts.  This, as with 
duration, requires further data to be confirmed (Graph 29, 30, Appendix). 
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5.2.2 Discussion  
The majority of the lavas produced during the period 1631 to 1944 are phonotephrites, 
with a low silica and high alkali content.  Through the categorisation of the samples by 
characteristics determined in Chapter 4, it is clear that while some minor segregation is 
seen, the chemical composition is not a significant controlling factor in the growth, 
development and behaviour of the lava flow-fields overall.   
 
There is however, an indication of changes in the clinopyroxene and leucite content with 
both these minerals present in the Vesuvian lavas, but changes in the main phenocryst 
phase found through thin section analysis, and observation of changes in the chemistry 
(decrease in MgO, Cr and Ni indicates crystallisation of olivine or clinopyroxene; Ba levels 
indicate leucite content).  This conclusion was also reached in regards to the bulk 
chemistry over time in Belkin et al. (1993). 
   
The clearest bulk composition change occurs with age when pre-1631 samples are 
included.  This demonstrates that there has been a change in the magma composition 
over time, with the older lavas mainly showing a higher silica and lower alkali content 
than the post-1631 lavas, which may go some way to explain the occurrence of the 
explosive Plinian and sub-Plinian eruptions.  These older samples have unknown vent 
origins.  There is however, no apparent evolution of the magmas on a short-scale over the 
last eruptive period, with categorisation of the lavas by century showing only minor 
changes in their whole rock geochemistry. 
 
A change in chemistry is observed by vent location.  The summit and lateral lavas have 
very similar compositions, whilst the flank vent lavas plot more distinctly with on average 
a lower total alkali content, lower Al2O3, Ba, Sr, and higher MgO, CaO, Cr and Ni.  The 
barium content shows the most variation, with flank lavas showing the lowest Ba with a 
mean value of 1876ppm and summit lavas showing the highest Ba, at a mean of 2182ppm 
(Table 5-2).   
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 Summit Lateral Flank 
Mean Ba (ppm) 2182 2045 1876 
Median Ba (ppm) 2190 2040 1859 
Mode Ba (ppm) 2380 2000 1730 
Table 5-2: Mean, median and modal values of the barium content in summit, lateral and flank 
lavas. 
 
The barium content is representative of the quantity of leucite within the system, and the 
reduction in leucite is observed in the flank lavas through the identification that 
clinopyroxene is the sole large crystal phase here.  The change in the bulk composition of 
the lavas with a lowering of barium levels with distance from the central vent indicates 
that gravitational separation of the crystals is occurring, with barium removed from the 
system through the flotation of the leucite crystals.  
 
The absence of any flows with only leucite as the large phenocryst phase may be a result 
of the tendency for leucite crystals to float within magmas and thus be effused within the 
first stages of activity, hence being destroyed or buried by subsequent activity.  The filling 
of the crater with lavas is frequently the first activity after quiescence, with these lavas 
slowly and quietly effused in activity thought representative of convection in the upper 
magma column (this persistent activity discussed in Chapter 8).  Crystal separation may 
occur within these slowly rising magma batches, with lavas containing large leucite 
crystals extruded first.  This also corresponds with the observation of clinopyroxene as 
the only large phenocryst phase in flank lavas, with these vents forming subsequent to 
the crater filling.  These vents may also drain a lower part of the magma column, thus 
showing the gravitational separation of the two crystal phases, with the denser mineral 
expelled at lower altitudes.   
 
Separation under gravity requires magma stalling or a slow ascent rate that may be 
expected in the long-lived lava flow-fields, however here it is seen that the flows active 
for more than three months both contain large phenocrysts of both leucite and 
clinopyroxene.  In both cases however, the proportions of minerals are substantially 
different with leucite phenocrysts dominating the specimens (>10%), and clinopyroxene 
crystals being much rarer (2% by area), suggesting some separation is occurring and that 
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the magma feeding these flows is rising relatively slowly.  As these long-lived flow-fields 
(the 1858 and 1895-1899 eruptions) were those that are classified as high-volume and 
compound-pile formation, the same results are found in the examination of these 
characteristics.  The increased leucite and decreased clinopyroxene is observed in these 
high-volume compound flow formations through the chemistry, with a smaller range of 
compositions observed than in the simple flow-fields, and higher Ba, Sr and total alkalis, 
and lower MgO and Cr than most simple flow-fields.  This is also observed by duration, 
with lower MgO and higher Ba in the longer-lived flow-fields.  Some segregation is also 
apparent between the medium and long-duration flows, with higher TiO2 in the long-lived 
flows.  Despite this relationship with duration, when categorising by effusion rate, there is 
significant overlap of all the data points, suggesting there is no chemical control or 
variation with the effusion rate.    
 
The presence of both crystal phases in flows of a high length to width ratio and small area 
indicates that flows of this form may develop from magmas rising at a high ascent rate, 
producing flows that are prone to extend in length compared with their width.   
 
Overall, the separation of the large phenocrysts with the presence of large crystals of 
clinopyroxene only is seen is flank vent flows (100%), and in higher proportions in flows of 
low length to width ratio (71% of flows), large area (66%), low volume (63%), and of short 
duration (58%).  This separation could broadly indicate that in flows of these 
characteristics the magma ascended at relatively low mean rates, allowing for 
gravitational separation of the phenocrysts.   
 
Summary 
The investigation of the chemical composition and crystal content of the 1631-1944 lavas 
has demonstrated that there are some differences between the flows, although, as also 
shown in  Belkin et al. (1993), within a broadly uniform compositional range.  
 
The results can be divided by flow type, with differences occurring between the simple 
and compound flow formations.  Long-lived eruptions at low mean output rates produced 
piles comprising multiple lava flow units in which leucite has been identified as the 
dominant phenocryst.  These also show a lower MgO and Cr content and higher 
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proportion of alkalis in comparison with the short-lived higher mean output rate lower 
volume simple flow-fields.  These longer, narrower simple flows contain both leucite and 
clinopyroxene as phenocrysts, though in those flows produced at flank vents are found to 
contain only clinopyroxene as the large phenocryst phase.  The chemical changes can be 
explained through the dominance or absence of either of these phenocryst phases 
induced through fractional crystallisation, or can indicate the arrival of fresh magma 
batches producing the less evolved flank lavas and simple flow-fields.  The combination of 
chemical and crystal observations and the lack of significant changes in the chemistry of 
the lavas across the period supports the gravitational separation in the upper magma 
column.  The slow ascent of the magmas producing the compound lava piles allows more 
fractionation within the conduit, with clinopyroxene sinking and leucite floating.  The 
presence of both crystals in the simple flows indicates a high ascent rate in which such 
separation has not had time to occur.  To further this work, it would be necessary to 
understand the level in the individual flows from which the samples were derived, as 
crystal separation can be present within a flow, however it is clear that in agreement with 
Belkin et al. (1993) and Kilburn and McGuire (2001), the crystal separation is the only 
dominant change, and this can be associated with magma ascent conditions and duration 
of activity.  Beyond this change in the large phenocryst phase and the resultant change in 
bulk geochemistry, the petrology has not been found to be a significant factor in the 
morphology of the Vesuvian lava flow-fields.    
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Chapter 6:  Development of Flank and Lateral Vents 
Chapters 6 and 7 are dedicated to the investigation of the occurrence of lateral and flank 
vents at Somma-Vesuvius, firstly through analysis of the past activity and then through 
modelling of such activity.  The findings from both chapters are then combined in Chapter 
8, to describe and explain the occurrence of eruptive activity away from the summit 
crater.  Whilst this study was being undertaken simultaneous studies were conducted by 
Acocella et al. (2006, 2009) exploring the formation of flank vents at Vesuvius.  These 
works are discussed throughout Chapter 6 (where Acocella et al. (2006) has more 
relevance) and Chapter 7 (where Acocella et al. (2009) is particularly relevant); however 
given this overlap in research we consider it useful to explain the different approaches 
taken here.   
 
Eruptions at Somma-Vesuvius have not always been restricted to the summit crater.  
During 1631-1944 lateral eruptive fissures and vents developed on the flanks of the main 
cone, and between the cone and the wall of Somma.  Vents also formed outside of the 
Somma caldera, which, though rare, are of vital importance from a hazard perspective.  
Flank eruptions have had a recurrence time of “tens of years” (Santacroce, 1987, Acocella 
et al., 2006), meaning that, though less violent, these eruptions have been more frequent 
than Plinian events at Vesuvius, but have received relatively little consideration regarding 
vent formation and hazard impact (Acocella et al. (2006) citing Scandone, 1976).    
 
Acocella et al. (2006) investigated the propagation direction of the post-1631 fissures and 
used this to develop a model to describe dyke injection in open and closed conduit 
conditions.  They also used the distribution of fissures to conclude that there is a very low 
probability of fissure formation in inhabited zones.  The studies undertaken for this thesis 
differ from those of Acocella et al. (2006) in that here the investigation focuses on the 
distribution of lateral and flank fissure development with the inclusion of pre-1631 flank 
fissures to better describe the distribution of these features.  We also look at the 
temporal distribution of vents, describe the proportion of activity at different vents, 
provide a comprehensive map of all flank activity, and analyse the location of flank 
fissures and their orientation, with a view to delineating zones of increased flank activity.  
Here we distinguish between the lower flank activity and that occurring within the 
caldera, where Acocella et al. (2006) consider this as one.  We also further consider the 
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effect of vent location on the lava flow-field development.  Clearly this has an immediate 
effect on the distribution of the eruptive products, with a significant difference between 
an eruption starting at the summit crater, which could leave time for emergency action to 
be taken, and activity from vents at lower altitudes, where the products might instantly 
be effused into populated areas, and in Chapter 8 the results from the analysis of the vent 
distribution are combined with the lava flow analysis to illustrate relationships and 
indicate common flow dimensions at particular locations. 
      
Acocella et al. (2009) conducted gelatine model experiments exploring the development 
of dykes in a cone, using Vesuvius and Etna as example volcanoes in which dykes have 
been seen to undergo reorientation as they extend towards the surface, and seek to 
explain this reorientation.  For this research we also undertook analogue modelling using 
gelatine models (Chapter 7) and observed the dyke propagation, but only explored it as a 
factor in the surface expression of the fissures and the growth across the edifice in an 
attempt to define zones susceptible to dyke injection and eruption.  The Somma-Vesuvius 
activity was analysed specifically, and crucially we examined how dyke propagation is 
affected across the edifice by the surface topography using scaled gelatine topographic 
models instead of simple cones.  The use of accurate scaled topographic models is an 
approach unique to this work.   
 
Understanding the formation and distribution of vents and subsequent lava flows has a 
practical application in assessing the probability of occurrence of eruptive activity away 
from the summit crater.  Evidently, an understanding of the past locations of flank vents 
and the processes involved in their development, as well as a knowledge of the behaviour 
of lavas produced at these sites, will support the identification of zones of weakness 
prone to vent formation, and will allow forecasts of lava flow dimensions and the 
associated hazards and risks to the population and infrastructure.   Through the study of 
the eruptive history, the vent location for each lava flow has been identified.  Maps 
showing fissure and vent formation have been assembled and the lavas have been 
categorised by their origin into summit, lateral and flank vents.  Here, the history and 
distribution of lateral and flank vent formation at Somma-Vesuvius is analysed in order to 
identify both spatial and temporal trends. 
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6.1 Proportion of Activity at Different Eruption Sites 
Activity during 1631 to 1944 was dominantly focussed at the summit, with 69% of all 
eruptions occurring from vents solely within the summit crater (Table 6-1).  
Summit activity in this period often accompanied the formation of lateral and flank vents, 
as identified in Acocella et al. (2006) and Table 6-1.  95% of all eruptions were either 
solely from vents at the summit, or a combination of summit activity and coeval flank 
and/or lateral vent activity.  Just 2% of all eruptions occurred solely at lateral vents with 
no coeval summit activity, and all flank eruptions were accompanied by activity at other 
sites, suggesting an association between these distal vents and the summit.  Acocella et 
al. (2006) find that 73% of the fissure activity was preceded and accompanied by summit 
activity.   
Location of Activity 
Number of 
Eruptions 
% of Total 
Number of 
Eruptions (183) 
Total Number 
of Eruptions 
at Location  
% of Total 
Number of 
Eruptions 
(183) 
Summit 
Activity 
Activity Solely at 
Summit 
127 69 
174 95 Activity at Summit 
and at least one 
other location 
47 26 
Lateral 
Vent 
Activity 
Activity Solely at 
Lateral Vents 
3 2 
47 26 Activity at Lateral 
Vents and at least 
one other location 
44 24 
Flank 
Vent 
Activity 
Activity Solely at 
Flank Vents 
0 0 
4 2 Activity at Flank 
Vents and at least 
one other location 
4 2 
 
Table 6-1: Proportion of eruptions occurring at different vent locations, compiled from the 
literature sourced data in the Eruptive History Appendix, with eruptions that occurred at solely 
one vent, and eruptions where coeval activity was observed. 
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6.1.1 Vent Location with Time  
The location of eruptive activity over time is shown in Graph 6-1.  The dominance of 
summit activity is evident, with phases in which activity was restricted to the summit for 
decades, such as the period 1632 to 1697 (65 years), 1717 to 1737 (20 years) and 1906 to 
1944 (38 years).  A general pattern of summit activity appears to occur, followed by 
increasing numbers of eruptions with a lateral element, followed by a period of repose.  
The period from 1875 to 1906 is quite different, beginning with, and dominated by, 
lateral events.  Flank eruptions are seen to occur prior to periods of repose, with the 
1631, 1760, 1794 and 1861 eruptions all being followed by quiescent stages (Graph 6-1).  
There is some suggestion of cyclicity in the formation of lateral vents, with periods of 
increased lateral vent formation followed by repose and summit activity, but these are 
indistinct (Graph 6-1, Graph 6-2).  There is no clear link between these periods of 
increased lateral vent formation and the occurrence of large eruptions which may be 
expected to fracture the cone, with only 20% of the eruptions involving lateral or flank 
components having a VEI over 3.   
 
Flank eruptions are described as having a recurrence interval of “tens of years” (Acocella 
et al., 2006, Santacroce, 1987).  The last eruptive phase was 313 years long, in which time 
four flank events occurred; in 1631, 1760, 1794 and 1861, separated by 129 years, 34 
years and 67 years respectively.  Eruptions involving the formation of lateral vents occur 
more frequently, with 52 such eruptions since 1631.  The mean interval between these 
eruptions was 4.5 years, and the median was lower at 1.5 years.  The longest period 
without the formation of lateral vents occurred at the beginning of the eruptive phase 
following the 1631 eruption.  After this, semi-persistent activity occurred in the crater, 
filling it with eruptive products until the point of lava overflow both in 1694 and 1696, 
with this eruption ending after an intense explosion in 1696 (Della Torre, 1755, Lirer et al., 
2005) which probably partially excavated the crater.  Renewed summit activity in 1697 
refilled the crater, at which point fractures formed on the SW side of the Gran Cono 
producing a lava flow which almost reached Torre del Greco (Phillips, 1869, Scandone et 
al., 1993).  After this effusive episode, activity was largely restricted to the summit until 
the 1737 eruption, when a fracture again developed on the SW flank of the Gran Cono 
emitting a lava flow which inundated Torre del Greco (Phillips, 1869, Alfano and 
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Friedlaender, 1929, Scandone et al., 1993, Lirer et al., 2005).  There was an increase in the 
fracturing of the edifice after the 1737 eruption (Graph 6-2).   
Activity at the summit frequently occurred simultaneously with activity at lower vents, 
but with activity unequally split between the sites, with the dominant vent shown in 
Graph 6-2 by the distinction of “primary” and “secondary” vent locations.  The dominance 
of a particular vent was not clear in all eruptions and is assigned qualitatively based on 
the description of the main site of activity (for example in the flank events activity at the 
summit was ongoing but minimal, therefore the summit is considered secondary).   
 
The chronological distribution of lateral and flank events is shown clearly in Graph 6-2, 
with the obvious cessation of activity outside of the crater after the 1906 eruption.  
During the 1906 event a number of vents formed broadly to the SE, both within, and 
outside of, the Somma caldera. These produced lavas which reached the coastal town of 
Torre Annunziata, having destroyed much of the town of Boscotrecase.  After this, there 
was a 7 year long quiescent period followed by summit activity until the closing eruption 
of 1944.   
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Graph 6-1: Vent location over time 
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Graph 6-2: Lateral and flank fracture/vent formation over time 
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6.2 Flank Activity 
Through the study of the eruptive history, literature and historic maps, 15 separate flank 
eruptions are identified above sea level, in addition to eruptive features below sea level 
(Figure 6-1).  Both subaerial and submarine activity is examined here, and pre-1631 
activity is included to extend the otherwise small dataset of flank activity.   
 
6.2.1 Age and Location of Subaerial Flank Vents 
The 15 subaerial flank eruptive sites can be classified into three age groups: 
- Undated vents (pre-Medieval): Pollena, Vallone della Vigna, San Giovanni, Vallone 
S.Severino, Strocchioni and Camaldoli della Torre 
- Medieval vents: I Tironi, I Monticelli, Bosco del Monaco, Viulo-Fossamonaca, and 
the unnamed 1068-1078 vent 
- Post-1631 vents: of 1631, 1760, 1794 and 1861  
 
The post-1631 flank events are discussed in historic accounts and modern literature, 
though relatively few studies have been undertaken on this activity.  Acocella et al. (2006) 
undertook the most comprehensive study of fissure eruptions (lateral and flank) to date 
and identified 37 such eruptions between 1631 and 1944, and from the historic literature 
identified the direction of propagation of the fissures, the duration of activity, location of 
fissures, the occurrence of simultaneous summit activity, and the associated lavas.  Flank 
vents are discussed briefly in numerous papers, with some explanation suggested for 
their emplacement in Principe et al. (1987) and Bianco et al. (1998).  The medieval vents 
and their products were investigated by Principe et al. (2004); identifying 
Viulo-Fossamonaca at 999AD, the 10th Century cones of Bosco del Monaco and i Tironi, 
and i Monticelli at 1037AD.  A further medieval flank eruption during the years 1068-1078 
is indicated in the description by Amato of Montecassino in Scarth (2009).  The ages of 
the Pollena, Vigna, San Giovanni, Severino, Strocchioni and Camaldoli vents are unknown, 
all believed to be pre-Medieval and perhaps pre-AD79 in age, and very little is known of 
the activity at these vents.  Johnston-Lavis (1891) indicates that Camaldoli and the cones 
of Pollena and Severino are pre-AD 79 in age, and Principe et al. (2004) states that AD79 
deposits are found on the surface of Camaldoli, confirming the age as pre-Pompeiian 
eruption.  It is worth emphasising that the Pollena cones are not believed related to the 
 
212 
Pollena eruption of AD472.  The age of the submarine activity is also unknown, however 
the submarine pit crater identified, but un-dated, by Milia et al. (1998) is proposed here 
to be attributed to the 1861 flank eruption (see p.219-220). 
 
Several of the subaerial flank eruptive sites are indicated by parasitic cones which are still 
visible today, the most prominent being the approximately 75m high pre-AD79 cone of 
Camaldoli della Torre, low on the southern flanks of the volcano.  Less well defined cones 
are present to the east of Camaldoli, both from the 1760 eruption, and from medieval 
activity forming the cones of Fossamonaca and Viulo.  A complex of cones is cut through 
at Pollena to the NW of Vesuvius, and only minor remnants are present in the field 
indicating the location of the other sites (Figure 6-1).  The poor preservation of most 
cones indicates the probability that further flank eruptive centres remain unidentified, 
either through their burial or through destruction over centuries of volcanic activity.  
Further quarrying in the region may yet reveal flank vent features. 
 
Previous authors (discussed here) have provided maps showing the location of different 
flank vent features, and a map compiling the previously un-collated data from these and 
from the effusive eruptive history (Eruptive History Appendix) is presented in Figure 6-1. 
This illustrates all known subaerial and submarine flank eruptive vents, fissures and 
formations.  Milia et al. (1998) focus on the submarine activity and conducted a study of 
the Bay of Naples through the use of both high-resolution seismic reflection surveys and a 
bathymetric survey.  Through this, they mapped a number of features evidencing 
submarine volcanic activity.  Milia et al. (1998) also show a magnetic high extending 
through Torre del Greco, and the location of some subaerial lateral and flank vents.  
Importantly they illustrate the location of the Strocchioni cone NE of Vesuvius, which is 
discussed in Principe et al. (1987) and also shown in Rosi et al. (1987a), but is absent from 
most maps.  Principe et al. (1987) also identify a mound at San Giovanni to the NW, which 
may be the remnants of a parasitic cone, and vents located along the valleys Vallone della 
Vigna, Vallone di Pollena and Vallone S.Severino, and the latter two of these are 
presented along with two submerged vents to the southwest in Bianco et al. (1998).  The 
locations of the medieval fissures and vents of I Tironi, I Monticelli, Bosco del Monaco, 
Fossamonaco and Viulo are given with proposed lava flows in Principe et al. (2004).  The 
location of the 1760, 1794 and 1861 fissures are shown on the geological map by Rosi et 
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al. (1987a) accompanying Santacroce (1987) and in Bianco et al. (1998).  The location of 
the 1068-1078 vent is unknown.   
 
In addition to the literature and map-sourced locations of the vents presented in  
Figure 6-1, the 1631 fissures are drawn based on their description, and a zone is drawn at 
1500m off the coast of Torre del Greco in which activity is described as occurring.  This 
zone is delineated from the description in the historic literature and Scandone et al. 
(1993) of the “boiling” of the sea at this distance during the 1861 eruption (discussed 
further under ‘Submarine Activity’) .  Current fumaroles are also shown in Figure 6-1 from 
field studies that identified a fumarole complex (WNW) at approximately 500m a.s.l., and 
fumaroles mapped in Borgia et al. (2005) and Milia et al. (1998). 
 
Figure 6-1: Map of known subaerial and submarine flank fissures and vents. Compiled from this 
study, Principe et al. (1987), Rosi et al. (1987a), Scandone et al. (1993), Bianco et al. (1998), Milia 
et al. (1998), Principe et al. (2004), Borgia et al. (2005), and I.M.G. (2008). 
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6.2.2 Heights of Flank Cones 
The best-preserved parasitic cone is I Camaldoli (Figure 6-2) which is approximately 75m 
in height.  The original height of this, and the other cones, is unknown.  Milia et al. (1998) 
describe submarine cryptodomes as 60m in height, and explain that these submarine 
mounds are comparable in size to the “few dozen metres high” Strocchioni cone.  The 
cones of Viulo, Fossamonaca, Pollena and the 1760 eruption have heights of between 
10 and 15m.  Phillips (1869) describes one of the 1760 cones as reaching 60m in height on 
formation.  The submarine pit crater was located by Milia et al. (1998) and found to be 
approximately 20m deep.  This depth is comparable with the height of the subaerial 
cones.  
 
 
Figure 6-2: The i Camaldoli cinder cone (foreground), low on the flanks of Vesuvius (back left) 
hosts a monastery on its summit. 
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6.2.3 Distribution of Flank Vents 
Cross sections have been assembled illustrating the location of the flank eruptive sites on 
the Somma-Vesuvius edifice in respect to the summit crater of Vesuvius.  This allows for 
observations to be made on the relative position of the vents, both in terms of height 
above sea level and lateral distance from the centre of the crater.  Ten sections (Figure 2, 
Chapter 6 Appendix) are compiled in a radial pattern intercepting the summit and the 
flank vents (Figure 3-7, Chapter 6 Appendix).  
 
Profiles were constructed using contours at sea level, 50m, 100m, and every 100m 
thereafter, using the base map of the 1:25,000 contour map (I.M.G., 2008), with the 
position of the vents from Figure 6-1.  The triangles demonstrate the location of the 
cones, with their apex at the intersection of the vent or fissure with the chosen section, 
and are not representative of the actual size of the cones.  Alignment of the profile and 
fissures is illustrated by a dashed line showing the extent of the fissure and a cone at the 
point of intersection.  If no remnants of the parasitic cones exist, singular cones are 
shown regardless of the reported number in the eruptive history as the location of all 
cones is unknown (N.B.  there are often discrepancies in the reported number of cones; 
for example, reports from the 1794 eruption indicate seven (Della Torre, 1805 in Lirer et 
al. (2005)) to 15 vents (Lobley, 1868, Phillips, 1869).   
 
Through the depiction of all the known flank vent features, groupings of flank eruptive 
centres are recognised and five fracture zones are identified, named and shown in Figure 
6-3 as follows:  
- The southern fracture zone (SFZ) comprising a zone to the south, extending 
between SSW-SSE (Figure 6-4) 
- The western fracture zone (WFZ), being a zone to the WSW, extending between 
W-SW (Figure 6-4). 
- The north-western fracture zone (NWFZ) (Figure 6-5) 
- The north-eastern fracture zone (NEFZ) (Figure 6-5) 
- The submarine activity zone (SMAZ), extending between SSW-WSW (Figure 6-6) 
 
Further profiles are drawn mid-way through these fracture zones, to show the relative 
position of all the vents within these (Figure 6-4 to Figure 6-6).  With the exception of the 
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submarine activity, the highest number of flank eruptive centres occurs in the SFZ, with at 
least six eruption sites of different ages, followed by the WFZ with four eruption sites of 
different ages.  The northern fracture zones comprise vents older than 1631 in age, which 
are therefore outside of the main focus of this study.  These are included for information 
and to gain as complete a picture as is currently possible about the formation of flank 
vents at Vesuvius.  It must be acknowledged that the record of activity prior to 1631 is 
incomplete, and that older vents may remain unrecognised.  With few vents in the north, 
these zones and the NEFZ in particular are less well constrained than the zones to the 
south.  The emphasis in this study is however on the 1631-1944 activity, which all occurs 
within the better constrained WFZ and SFZ, along with possible submarine activity, with 
fissures from the 1631, 1794 and 1861 eruptions forming in the WFZ and from 1631 and 
1760 in the SFZ.   
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Figure 6-3: Base map for cross sections of the SFZ (1), WFZ (2), NEFZ (3), NWFZ (4) and SMAZ (5), 
shown here in pink (subaerial) and blue (submarine) fans.  The NEFZ and NWFZ are shown in pale 
pink as these vents are older than the focus of this research, but are included here for 
information.  
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Figure 6-4: Cross sections through SFZ (top) and WFZ (bottom), illustrating the relative position of flank fissures and vents. 
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Figure 6-5: Cross sections through the NEFZ (top) and the NWFZ (bottom). 
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Figure 6-6: Cross section through the SMAZ.  Red line: fissure; Black triangles: vents; Green square: Pit crater; Red rectangle: 1861 zone of activity; Orange 
triangles: fumaroles; Purple semi-circles: cryptodomes. 
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6.2.4 Submarine Vents 
Submarine cryptodomes, fumaroles, vents and a pit crater are identified in Milia et al. 
(1998) and are included in the map of flank eruptive centres (Figure 6-1), along with 
submarine vents from Rosi et al. (1987a) and from Bianco et al. (1998) who derived these 
features from Finetti and Morelli (1974) and Civetta et al. (1995).  These features are 
confined to the zone described here as the SMAZ (submarine activity zone), although 
some of these features could be considered as part of an extension of the subaerial 
zones.  For example, the 1861 feature discussed below would in fact be an extension of 
fractures through the WFZ.    
 
The true nature and occurrence of these features is controversial.  During a thorough 
investigation of the sea floor Milia et al. (1998) were unable to locate the extensive 
NE-trending normal faults previously identified by Finetti and Morelli (1974) (mapped in 
Bianco et al. (1998)), and suggest that these were misidentified.  Borgia et al. (2005) 
consider Milia et al. (1998) incorrect in the identification of the cryptodomes, and suggest 
that these are in fact an elongate ridge continued above sea level near Pompeii, related 
to the spreading of the volcanic edifice.  It is unclear which of these theories is correct, 
and further investigation and confirmation is required, however the view adopted in this 
thesis is that with the absence of a continuous ridge, the discrete mounds found by Milia 
et al. (1998) in the seismic reflection surveys can be considered to indicate discrete 
intrusions or areas of uplift, and therefore the description as cryptodomes is retained.  
The previously mapped submarine vents near the shore and within the cryptodomes are 
not mapped by Milia et al. (1998) and so probably are mapped incorrectly.  The vents at 
approximately 130m b.s.l. probably correspond with the cryptodomes and probably are 
not additional to these features.  With the uncertainty in the nature of the submarine 
features, all are included here for completeness.   
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Activity 
Zone 
Vent Age of Activity Depth (m b.s.l) 
Distance from 
Centre of Crater 
(km) 
SMAZ 
Distal (to coast) 
submarine vents 
Unknown 130 11.3 
SMAZ 
Proximal (to coast) 
submarine vents 
Unknown 10 6.7 
SMAZ 
Submerged 
cryptodomes 
? Somma collapse 125 to 140 11.2-11.8 
SMAZ Submerged fumaroles Current 80 to 105 9.8-10.4 
SMAZ Submerged pit crater 1861? 40 8.1 
SMAZ 
Submarine 1861 boiling 
zone 
1861 40 to 60 8.1-8.9 
 
Table 6-2: Depth and distance of submarine features from the crater. 
 
6.2.5 Age of Submarine Activity 
A line of active fumaroles was found by Milia et al. (1998) at a depth of approximately 80 
to 100m b.s.l., paralleling the coastline with some association with normal NW trending 
faults.  No surface disturbance of the water was observed above these (Milia et al., 1998).  
With the exception of this current (in 1998) activity, and the cryptodomes which were 
described by Milia et al. (1998) as corresponding with the Somma collapse 17,000 years 
BP, the ages of the submarine formations are unknown (Table 6-2). 
 
Contemporary literature provides descriptions of two flank eruptions in which the sea is 
described as “boiling”.  During 1794 this boiling is reported at 30m from the lava flow 
front (Lobley, 1868, Phillips, 1869).  This could represent submarine emissions, but in this 
instance the proximity to the lavas suggests interaction between the sea and lavas to be 
more probable.  During the 1861 eruption the boiling of the sea was reported at 1500m 
off the coast of Torre del Greco (Scandone et al., 1993), with mass fish death 
(Palmieri, 1874 in Lirer et al. (2005)).  A fracture system extended from the subaerial flank 
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vents at between 210-410m a.s.l., through Torre del Greco and to the sea (Figure 6-7), 
with significant gas emission reported in Torre del Greco (Lobley, 1868; Philips, 1869; 
Alfano and Friedlaender,1929; Scandone et al., 1993; Lirer et al., 2005).  Figure 6-7 
indicates three points off the coast of Torre del Greco in a roughly south-westerly 
alignment which may correspond with increased gas emission.   
 
 
Figure 6-7: Fracture system extending through Torre del Greco and into the sea in 1861. Palmieri 
in Alfano and Friedlaender, 1929. 
 
The lavas from the subaerial vents did not extend as far as the coast, so this boiling was 
unrelated to the known lava emission, meaning that this and the death of marine life 
indicates that either: a) there was gas emission along the fracture system forming air 
bubbles, water turbulence and poisoning of the fish; or that b) there was eruptive vent 
formation with magma extrusion, gas emission and the boiling of the water proximal to 
the vent.  No records of sea-water discolouration are found, with this often a clear 
indication of submarine eruptions, such as the 2011 eruption of El Hierro, which supports 
the hypothesis of gas-emission only.  Non-eruptive fractures aligned NE-SW opened in 
Torre del Greco during this eruption (Scandone and Giacomelli, 2008), indicating an 
extensive fracture system.  Pit craters are non-explosive collapse features (Schmidt and 
Schmincke, 2000) and if this Vesuvian feature was a true pit crater, not an eruptive crater, 
then this and the Torre del Greco fractures can be inferred to be the surface expression of 
a deeper horizontally propagating dyke, with void spaces opening above it, permitting the 
vertical venting of the gases.       
 
224 
Although a distance for the boiling is recorded, it is unknown in what direction or from 
where in Torre del Greco the observation was made.  A zone in Figure 6-1 is therefore 
delineated off the coast of Torre del Greco at 1500m in which the observed sea 
disturbance will have occurred.  This zone is at 8.1 to 8.9km from the centre of the crater 
(Table 6-2), at 40 to 60m b.s.l., and corresponds well with the location of the submerged 
pit crater of unknown age reported by Milia et al. (1998), which is located at 40m b.s.l. 
and 8.1km from Vesuvius.  This correlation strongly indicates that the pit crater is a vent 
from the 1861 eruption, as the locations of the remaining submarine structures 
eliminates them as candidates for this event.       
The pit crater is described by Milia et al. (1998) as a circular formation 20m deep and 
100m wide, and it is suggested that it may be either be an eruptive vent or the result of 
collapse.  If, as discussed here, this is related to the 1861 eruption, either scenario may be 
appropriate.  As the pit crater is not elongate in alignment with the subaerial fracture 
system, but instead adopts a circular form, the eruptive vent hypothesis is probable. 
 
To confirm that activity at the distance described would indeed be visible the distance to 
the horizon is calculated (Equation 2).  This indicates that for a person of average height 
at sea level it is theoretically possible to observe distances to 4.5km.  With no boiling of 
the sea or other disturbances indicative of submarine activity reported during the recent 
activity period, it can be inferred that no further significant submarine activity occurred 
post-1631.  Current fumaroles (80-105m b.s.l.) are at least twice the depth of the 1861 
boiling, but within the distance that visible from the coastline and from maritime activity 
within the busy Bay of Naples.  There is no record of activity from these fumaroles in the 
historic literature, however it can be theorised that intense gas emission would be 
required for surface expression from depth, and that, as this may occur during eruptive 
activity, the surface disturbance may be disguised by the frequently reported agitation of 
the sea.  The absence of reports of activity from the other submarine features is either a 
product of simple lack of observations, or the formation of these prior to 1631.        
 
          
Equation 2: Distance to horizon (d) calculated from height (h) of observer's eyes (estimated at 
1.64m) and the radius (r) of Earth (6371m). Equation from Jones (2005). 
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6.2.6 Subaerial Flank Vents 
The horizontal distance from the crater centre and heights of the subaerial flank vents 
have been determined from the cross sections.  These vents occur from 50 to 700m a.s.l., 
at between 1.5 and 7.5km from the centre of Vesuvius’ crater (Table 6-4), at a mean 
height of ~300m a.s.l. and mean distance of 4.2km (Table 6-3) calculated to indicate zones 
of preferred formation.  There is no apparent common height or distance of vent 
formation, with a wide distribution, however in the WFZ the vents occur in a smaller area 
than in the other activity zones, at 1.5-3.6km from the crater centre and 210-700m a.s.l. 
(Table 6-4). 
 
Zone Mean Height (m a.s.l.) 
Mean Distance from Centre of 
Crater (km) 
SFZ 240 4.1 
WFZ 405 3.0 
NWFZ 330 4.6 
NEFZ 225 6.0 
Overall 296 4.2 
 
Table 6-3: Mean height a.s.l. and distance from the crater for eruptive sites overall, and in each 
defined activity zone. 
 
As in Table 6-4, the undated vents formed between 2.6 and 7.5km from the summit 
crater, with three vents at heights of less than 200m a.s.l.  The medieval vents formed 
between 2.8 and 5.4km from the crater centre, at between 50 and 400m a.s.l., and the 
post-1631 activity, excluding submarine, occurred in the smallest range at between 1.5 
and 3.6km from the summit crater, at 210 to 700m a.s.l.   
 
At approximately 7.5km from the summit crater, the undated vent of Strocchioni is the 
most distant subaerial vent, and Milia et al. (1998) described this as being at a similar 
distance to the submarine mounds.  Indeed, submarine activity occurred between 7 and 
12km from the summit.   
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Activity 
Zone 
Vent Age of Activity Height (m a.s.l) 
Distance from 
Centre of Crater 
(km) 
SFZ I Camaldoli Unknown (P) 150 4.8 
NWFZ Pollena Unknown (P) 450 3.0 
NWFZ San Giovanni Unknown (P) 80 7.4 
NWFZ Vigna Unknown (P) 
260-660, cone at 
550 
2.6-4.1, cone at 3.1 
NEFZ Severino Unknown (P) 220-480m 3.7-5.2 
NEFZ Strocchioni Unknown (P) 100 7.5 
SFZ Viulo 999AD (M) 130 5.4 
SFZ Fossamonaca 999AD (M) 150 5.0 
SFZ Bosco del Monaco 10th Century (M) 50 5.0 
WFZ I Tironi 10th century (M) 375 3.6 
SFZ I Monticelli 1037 (M) 400 2.8 
? Un-named 1068-1078 (M) ? ? 
SFZ 1631 (S) 1631 
350-700, 
intersection at 500 
1.5-2.9, intersection 
at 2.3 
WFZ 1631 (W) 1631 350-700 1.5-3.6 
SFZ 1760 1760 275 3.5 
WFZ 1794 1794 
260-560, 
intersection at 440 
2.0-3.6, intersection 
at 2.8 
WFZ 1861 1861 
210-410, 
intersection at 330 
2.8-3.6, intersection 
at 3.2 
Table 6-4: Position of flank vents, with ages (P is Pre-Medieval Undated, M is Medieval), heights 
a.s.l. and distance from the centre of the crater. 
 
6.2.7 Position of Flank Vents: Sector of Edifice  
The 14 subaerial flank eruptions with known locations are grouped in five zones (SFZ, 
WFZ, NWFZ, NEFZ and SMAZ (as previously defined)), as illustrated in Figure 6-3.  
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The location of the vents on the edifice in respect to the summit crater is further depicted 
through rose diagrams in Figure 6-8, showing not the trend of fissures, but the sector of 
the edifice in which vents occurred.  This is an illustrative tool aiding the observation of 
the number of vents forming in any sector.  Multiple cones are shown at I Tironi, I 
Monticelli and Fossamonaca-Viulo – but each of these named eruptive sites is considered 
monogenetic, with multiple cones forming during single eruptions on single fissures.  
In these cases the number of individual eruptions, not cones, is shown, using the 
mid-point between vents.   
 
 
 
Figure 6-8: Rose diagrams showing the location of flank vents. (Top): Inner circle is 1 cone, outer is 
2 cones. (Bottom): Count is 1 cone. (Top (L)): All known flank vents. (Top (R)): Undated vents 
(Camaldoli, Vigna, S.Giovanni, Pollena, Severino, Strocchioni). (Bottom (L)): Medieval vents 
(Viulo/Fossamonaca, i Monticelli, i Tironi, Bosco del Monaco). (Bottom (R)): Post 1631 vents 
(1631, 1760, 1794, 1861). N.B.: This is the location, not the trends of the fissures. 
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Figure 6-8 (top left) shows the location of all known flank vents, which when plotted in 
this manner show less well defined zones of formation than in the map depiction, with 
the NEFZ between 40-70°, the SFZ between 160-210°, the WFZ between 230-270° and the 
NWFZ from 300-320°.  The three age groups are also plotted in rose diagrams in Figure 
6-8, showing the undated pre-Medieval vents forming to the NW, NE and SSW, the 
medieval vents forming to the S and W, with the post-1631 activity occurring to the S, W 
and WSW.  The medieval and post-1631 vents are all restricted to the collapse zone to the 
S and W, suggesting a link between post-1631 activity and the collapse zone. 
 
6.2.8 Factors Controlling the Emplacement of Flank Vents 
The development and location of flank eruptive sites may be the result of either: 
independently rising dykes from the magma reservoir at distance from the central 
conduit; the influence of the regional tectonic fault system and stress regime affecting the 
propagation of dykes from the central conduit; or the influence of a local structural and 
gravitational stress regime affecting the propagation of dykes from the central conduit.  
These factors are examined here in relation to the known distribution of flank eruptive 
centres.  
 
Dykes from the Magma Reservoir 
The ascent of dykes from the magma reservoir outside the main magma ascent zone of 
the central conduit can be responsible for the occurrence of flank eruptions at 
considerable distances from the main crater. The distribution of such vents is dependent 
on the lateral extent of the magma reservoir and the angle of dyke propagation.   
 
The depth of the feeding system beneath Vesuvius ranges from approximately 12 to 
35km depth.  A magma body interpreted as a sill is located at about 12-15km (De Natale 
et al., 2001), or lower at 10km (Zollo et al., 1998), 8km (Auger et al., 2003a), 9-11km (Zollo 
et al., 2003), or 9km (Nisii et al., 2003).  The lateral extension of this magma layer is less 
well defined.  Zollo et al. (1998) indicate that the lateral and vertical extension cannot be 
determined by the data available at the time of their publication.  De Natale et al. (2001) 
graphically show the sill extending approximately 10km E-W beneath the volcanic edifice.  
Auger et al. (2003a) indicate a lateral extension of about 35km, and Nisii et al. (2003) 
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suggest that it extends for 25km2.  Capuano et al. (2003) indicate that the top of the fluid 
layer has an extension of “at least 20 x 20km”, whilst Auger et al. (2003b) give the most 
precise estimate of the extension of this body for at least 25km to the NE and 10km SW of 
the crater.  As new techniques are developed these values will undoubtedly be refined, 
however using the most recent values a reasonable estimate of the minimum lateral 
extension of the magma body can be deduced at approximately 20km, aligned beneath 
Vesuvius.  An extension this significant indicates that the magma reservoir lies beneath 
the majority of the flank features, which makes the feeding of these vents through the 
vertical ascent of magmas, independent of the central conduit, feasible.  This extension 
and the values of Auger et al. (2003b) suggest that the submarine fumaroles and 
cryptodomes lie beyond the sill edge, however, if unrelated to the central conduit system, 
these could be fed by sub-vertical dykes from the sill.  With the uncertainty over the true 
lateral extent of the magma body, it is possible these submarine features also overlie this.    
 
Regional Tectonic Stress and Fault Patterns 
The position of Somma-Vesuvius itself is controlled by the regional tectonic system and 
the development of flank and lateral vents may also be controlled by this.  The 
Campanian plain, in which Somma-Vesuvius is situated, is affected by two main fault 
systems trending NW-SE/NNW-SSE and NNE-SSW/NE-SW mirroring the faults affecting 
the basement beneath Vesuvius (Bianco et al., 1998).  These NW-SE faults parallel the axis 
of the Apennines, whilst the NE-SW faults are normal to this (Principe et al., 1987).  These 
faults affect both the lower, older Mesozoic limestone basement, and the Pleistocene-
Quaternary sedimentary rocks (Bianco et al., 1998).  Figure 6-9 shows the subaerial and 
submarine eruptive features overlain with the fault system.  
 
Principe et al. (1987) suggest a link between the flank eruptive sites and the regional 
faulting, with the NW-SE fracture system more strongly developed as evidenced through 
the dominance of this direction in fractures in the Somma slopes and observation of 
drainage patterns on the volcano, suggesting not only that the emplacement of the past 
flank vents were controlled by this but that an “active Apenninic strain field” exists at the 
volcano.  Principe et al. (1987) give the flank vent of Pollena, the lateral vents of Colle 
Umberto and 1906 and the position of the crater in support of this NW-SE trend.  The 
fault system normal to the Apennines, NE-SW, is demonstrated by S.Severino and the 
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1794 and 1861 fissures (Principe et al., 1987).  Principe et al. (1987) use the approximate 
alignment of these vents to support the idea that regional tectonics is strongly influencing 
the emplacement of these features.  Bianco et al. (1999) also infer an association 
between the eruptive sites and the fault system, with the fissures in the NE and SW 
approximately aligning with the NE-SW trending fault system, and a number of lateral 
eruptions involving NW-SE fissure formation in the NW sector, which they link with a 
Quaternary fault following a similar trend in this region.  Scandone and Giacomelli (2008) 
suggest an alignment of the flank vents with the NE-SW trending fault, suggesting that 
this is the main fracture feeding Vesuvius.   
 
Figure 6-9: Map of Somma-Vesuvius with the flank subaerial and submarine eruptive sites, and 
the regional fault system.  Faults as in Bianco et al. (1998) and Milia et al. (1998). Other features 
as referenced in Figure 6-1. 
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Some poor association between the flank vents and faults can be inferred, with the 
Quaternary fault system showing a closer correlation with the fissure trends than with the 
faults affecting the Mesozoic basement (Figure 6-9), with the best alignment between the 
submarine fissures and the Quaternary fault system.  The 1794 and 1861 fissures are 
close to radial with the summit, and approximately parallel the NE-SW fault of the 
sedimentary rocks which extends through the sea and Torre del Greco.  The eruptive 
fissures and cones of the Vallone della Vigna and Vallone di Pollena are shown in this 
study as roughly radial with the summit, with the fissure systems running through these 
valleys.  Principe et al. (1987) however, state that the Pollena and Vigna spatter cones 
may have formed on the same fracture, citing “anomalous drainage, asymmetric valleys, 
reverse gradient and aligned erosive scarps”, which would indicate the presence of a non-
radial eruptive fissure.  There is field evidence of at least two separate spatter cones at 
Pollena (Pollena Appendix), appearing to form in radial alignment with the summit which 
supports the notion that the cones in the Vallone della Vigna formed on a separate 
eruptive fissure to those in the Vallone di Pollena.  Johnston-Lavis (1891) discusses the 
Pollena cones as located in the Vallone von Buch.  The Vallone della Vigna and Vallone 
San Severino cones are located within normal fault zones (Bianco et al., 1998), and are 
radial with the summit (Figure 6-9).  The Pollena fissure is almost parallel with a WNW-
ESE trending fault affecting the Pleistocene-Quaternary sedimentary rocks and a NW-SE 
trending fault affecting the deeper Mesozoic rocks.  The Vallone della Vigna also roughly 
parallels the NW-SE fault, but is perpendicular to, and almost overrides a NE-SW trending 
Mesozoic fault.  The cone of San Giovanni occurs close to the NW-SE fault, which 
intersects a currently active fumarole to the NW.  The 1631 (S) and 1760 fissures roughly 
approximate the NW-SE trending fault in the SE, however are distal to this.  Despite it 
being possible to infer some association between the faults and surface features as 
discussed, there is no pervasive relationship between the two: the fracture zones in which 
the flank vents are grouped do not align perfectly with the regional fault system, with 
flank vents forming to the NE and SW, which roughly correlate with the NE-SW trending 
regional faults, and vents to the NW and S, which do not align well with the NW-SE fault 
system; and neither the vents nor fissures show a close alignment or positioning in 
relation to the fault systems.  Overall therefore there is little to suggest that the regional 
stresses are controlling the emplacement of the flank eruptive sites.   
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Figure 6-10: Normal faults affecting the Somma-Vesuvius sub-aerial edifice, and spreading related 
fold/slump through Pompeii and the sea from Borgia et al. (2005). Other features as referenced in 
Figure 6-1. 
The regional fault system may be in part over-ridden by the gravitational stress regime 
within the cone, which Borgia et al. (2005) studied in their investigation of gravitational 
spreading at Vesuvius.  The surface fault system observed by Borgia et al. (2005) is shown 
in Figure 6-10 with extensive normal faults crossing the edifice, a general slumping 
direction to the S, and with the zone of cryptodomes identified by Milia et al. (1998) 
reinterpreted by Borgia et al. (2005) as a slump ridge.  Borgia et al. (2005) found that the 
region around Vesuvius is undergoing subsidence, with the SE and E sectors subsiding 
relative to the W and NW sectors, with greater subsidence occurring at the base of the 
volcano clockwise from the NW to the SE.  Clearly, subsidence of the unbuttressed flank 
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(the S) is to be expected, with this seen at many volcanoes, where the edifice is able to 
slide to the south while the north is stabilised by the Somma remnants.  As the southern 
flank is unsupported, it may be subject to further collapse and flank collapse should a 
major explosive eruption or flank intrusion occur.  Such collapse may be expected 
particularly in the new Vesuvius cone, whilst the decreased slope angles to the south and 
the relaxation of stresses through spreading may prevent collapse of the lower flanks in 
the south however collapses in spreading flanks are identified elsewhere (as discussed in 
relation to Concepción by Borgia and Van Wyk de Vries (2003)). Further movement was 
observed by Borgia et al. (2005), with the SE sector of the volcano moving eastwards 
relative to the NW, and an area of maximum strain through the N flank of Vesuvius and 
aligned NE-SW, corresponding with an active regional tectonic structure (Borgia et al., 
2005).  This zone of strain may be responsible for the flank features that formed to the 
SW and NE, in part of the WFZ and the NEFZ.  Camaldoli, the 1760 fissure and Viulo-
Fossamonaca correspond with normal faults mapped in Borgia et al. (2005), which may 
indicate that the gravitational spreading and associated formation of fracture zones may 
be in part responsible for the formation of the flank fissure eruptions. 
 
In summary, based on the Mesozoic and Quaternary fault systems illustrated in Figure 6-9 
there is little to support the notion of Principe et al. (1987) in the controlling of the flank 
features by the regional faulting, with better evidence to support the dominance of the 
gravitational loading within the volcanic pile in determining the distribution of flank vents. 
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6.2.9 Radiality and Stress Fields  
The majority of the subaerial eruptive fissures are close to radial in orientation (as can be 
observed in Figure 6-1).  The fissure trends are determined (Table 6-5) and this data is 
illustrated in rose diagram Figure 6-11, showing two dominant fissure trends: ENE-WSW, 
with four fissures trending between E-W and ENE-WSW; and NW-SE, with three fissures.  
Three further fissures trend between NNW-SSE and N-S, and one WNW-ESE.  
 
Fissure Direction Trend (°) 
Severino ENE-WSW 64 - 244 
Vigna NW-SE 132 - 313 
Pollena NW-SE 128 – 308 
Tironi NW-SE 139-319 
Viulo-Fossamonaca N-S 10-190 
Monticelli ESE-WNW 101-281 
1631 (W) E-W 88 – 268 
1631 (S) NNW-SSE 168 – 348 
1760 N-S 173 – 353 
1794 ENE-WSW 78 – 258 
1861 ENE-WSW 69 - 249 
 
Table 6-5: Fissure trends for flank eruptions. 
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Figure 6-11:  Rose diagram showing the trends for the subaerial flank fissures.  Inner circle 
represents one fissure, outer 2 fissures. 
 
A sub-radial fissure through the cones of Viulo and Fossamonaca can be inferred in the 
knowledge that these cones are of the same age, with a ring fissure inferred on the same 
basis for i Monticelli.  The formation of the fissure associated with i Tironi is less certain, 
with cones which appear to be in a ring formation.   The cones of Camaldoli, Bosco del 
Monaco, San Giovanni and Strocchioni are not included in this analysis as it is unknown if 
elongate fissures are associated with these formations.   
 
The mapping of the submarine features from Milia et al. (1998) indicates an alignment of 
fumaroles parallel to the coastline and a possible non-radial alignment of the 
cryptodomes, which appear almost parallel with the contour lines.  Whilst the alignment 
of the fumaroles is confirmed by Milia et al. (1998), without the ages of the cryptodomes, 
or additional features the non-radial alignment of these is speculative.  Trendlines have 
been placed through the submarine features giving the trends as in Table 6-6 and Figure 
6-12, illustrating the inferred, dominant alignment NW-SE.  Broadly speaking, it appears 
that subaerial fissures form in radial to sub-radial alignments with the summit crater and 
submarine vents form in non-radial, ring alignments with the summit.  
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Feature Direction Trend (°) 
Vents (proximal to coast) NW-SE 135 - 315 
Fumaroles NW-SE 137 - 317 
Cryptodomes NW-SE 127 - 307 
Table 6-6: Inferred submarine trends. 
 
 
Figure 6-12: Rose diagram showing the inferred submarine fissure trends. Inner circle is 1, outer 2. 
 
Principe et al. (1987) identified a dominant radial alignment of the dykes in the Somma 
walls, and Acocella et al. (2006), (2009) studied the subaerial lateral fissures, recognising 
the preferential radial alignment of these features.  Acocella et al. (2009) identified that 
the dykes that feed the surface fissures are randomly oriented at depth by observation of 
dykes in eroded edifices, reorienting themselves to radial as they approach the surface 
due to the changing stress fields.  This reorientation occurs within “tens to a few hundred 
metres” of the surface of the edifice in volcanoes the size of Somma-Vesuvius (Acocella et 
al., 2009).   
 
The largely radial alignment of the subaerial fissures indicates the likely orientation of 
dykes within the upper edifice, however the inferred ring formation of the submarine 
features may suggest that this reorientation has not occurred at this height (although the 
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volcanic pile will not exert a significant effect here, the sea water exerts a confining 
pressure on the edifice).  Alternatively, the stress field affecting the SMAZ may be 
different to that of the subaerial edifice.  The regional stress regime induced by the 
tectonic system, as deduced through the study of Pleistocene faults and the Apennines, 
comprises the maximum compressive stress (σ1) trending between E-W and NW-SE and 
the minimum compressive stress (σ3) trends NNE-SSW/NE-SW (Hippolyte et al., 1994, 
Bianco et al., 1998).  This regional stress field may only influence the basement of the 
volcano.  Acocella and Tibaldi (2005) and McGuire and Pullen (1989) show, within a cone 
under the influence of gravity, σ1 aligns radially with the summit whilst σ3 is tangential 
with the contours and σ2 is vertical.  Using this orientation of the stresses, the directions 
of the maximum and minimum compressive stresses σ1 and σ3 are shown for the 
subaerial flank eruptive centres (Figure 6-13).  This shows that the majority of the fissures 
are close to radial, largely forming parallel with the direction of the maximum 
compressive stress, demonstrating how a local gravitational stress regime within the cone 
may be responsible for the surface expression of the fissures.  The alignment of the 
gravitationally controlled stresses is shown for the individual cones as well as the eruptive 
fissures, however without multiple cones or an elongate structure to confirm their 
arrangement the relationship between these vents and these stresses is unknown.   
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Figure 6-13: Flank features and proposed stress fields within the cone, with regional stresses as in 
Bianco et al. (1998). 
 
The Pollena, Vigna, Severino, Viulo-Fossamonaca, 1631 (W and S), 1760, 1794 and 1861 
fissures are radial to sub-radial in formation, closely following σ1 and perpendicular to σ3.  
The alignment of the Camaldoli, Bosco del Monaco, Strocchioni and San Giovanni cones 
with the gravitational stress field is unknown, and as these are present below 200m a.s.l. 
on the edifice, the influence of the gravitational stress regime may be minimal at this 
height, perhaps with the regional stresses having more influence.  It is proposed that 
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I Tironi formed on a ring fissure.  The cones of I Monticelli appear to have formed on a 
ring fissure, which, as for I Tironi, would indicate that the feeder dyke propagated to 
intersect the surface perpendicular to σ1 and parallel with the contours and σ3, which is 
unusual and could be indicative of a high magma ascent rate and pressure, thus 
overcoming the local stress field, or the formation of ring dykes through ring faults 
related to the caldera collapse. 
 
The submarine features appear to align roughly NW-SE, which closely matches the 
regional stress field with σ1 between NW-SE and E-W.  Being very low on the edifice, the 
influence of the gravitational stress regime is negated by the regional stress regime. 
 
If the stress field is applied to the Vesuvius edifice as a whole, the occurrence of the high 
concentration of vents to the S demonstrates a misalignment with the regional stress 
field, being closer to the regional σ3.  
 
Departure from Radiality about the Summit and from Normality to Contours 
The shape of the fissures can be further studied and quantified through the calculation of 
the angular departure of the fissure from radiality about the summit and the normality of 
the fissures to the contours, as calculated in relation to Etnean fissures in McGuire and 
Pullen (1989), McGuire (1989).  The former being derived from the angle between a radial 
line extending from the crater centre and the fissure trend, and the latter by taking the 
angle between a line normal to the contours and the fissure.  This is only undertaken for 
the flank subaerial fissures, and not the individual vents.  The results are shown in Table 
6-7, with histograms showing the distribution of the results in Graph 6-3. 
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Fissure Departure from Radiality (°) Departure from Normality (°) 
Vigna 10 3 
Pollena 4 27 
Severino 18 20 
Viulo-Fossamonaca 14 5 
Monticelli 86 82 
1631 (S) 1 2 
1631 (W) 3 7 
1760 8 4 
1794 10 5 
1861 14 26 
Table 6-7: Calculation of the angular departure from radiality about the summit, and from 
normality to the contours for the flank fissures. 
 
 
Graph 6-3: Departure from radiality about the summit for subaerial flank fissures (top). Departure 
from normality to contours for subaerial flank fissures (bottom). 
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The trend towards fissure radiality is clearly indicated (Graph 6-3), with nine fissures 
being between 0 and 20° away from radial.  Only one fissure, that inferred for I Monticelli, 
is shown as non-radial (81-90°).  The departure from normality to the contours also 
confirms the radiality of the fissures, with six of the fissures being within 10° of normal to 
the contours, which indicates a radial formation in a cone.  A further three are within 30° 
of normal, and again only the I Monticelli fissure shows a non-radial form, approximately 
paralleling the contours. 
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6.3 Lateral Vents 
6.3.1 Distribution of Lateral Vents  
No lateral eruptive sites are identifiable pre-1631, largely due to their close proximity to 
the summit crater and their rapid burial during subsequent activity.  This also impacts on 
the identification of the precise location of lateral vents in the recent activity period, 
however the historical accounts frequently describe the approximate location of these 
vents, more rarely describing the radiality and dimensions.  Through the study of the 
historic maps, images and written accounts, and the compilation of the eruptive history, 
a dataset has been collected detailing the position of lateral eruptive sites (Table 4, 
Chapter 6 Appendix) and a map produced showing the relative size and location of the 
lateral vents (Figure 6-14).  Acocella et al. (2006) also studied the historical literature and 
have identified a similar dataset.  Based on the data of Acocella et al. (2006), the length of 
lateral fissures ranged from 450m (in 1697) to 2000m (in 1906), with a mean length of 
approximately 1000m.  An individual map for each eruption involving the formation of a 
lateral or flank vent is given in the Fissure Trends Appendix. 
 
The lateral eruptive sites are all shown as radial (Figure 6-14), after Acocella et al. (2006) 
determined that the lateral fissures were radial formations.  In the documentation 
studied in the undertaking of this thesis, the majority of the lateral fissures were 
described in a manner suggesting radial or sub-radial formation, with one case (1776)  in 
which a fracture is described as forming in the shape of a half-ellipse (De Bottis in Lirer et 
al. (2005)). 
   
A widespread distribution of the lateral vents about the crater is apparent (Figure 6-14), 
and this is further shown in Figure 6-15, demonstrating lateral vent formation in all 
sectors of the edifice.  Although widespread, there is a dominant bipolar pattern of lateral 
vent formation NW and SE.  The distribution of the post-1631 flank vents, with these 
restricted to the SSE and W, is shown in comparison with the distribution of lateral vents 
(Figure 6-15).       
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Figure 6-14: Lateral and flank vent formations. 
  
 
Figure 6-15: Location rose diagrams showing the sector of the edifice in which vents formed 
post-1631. (L): lateral vents, each circle counts 2 formations. (R): Flank vents, count is 1 formation. 
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The position of all known subaerial flank and lateral eruptive sites (undated, medieval and 
recent activity) is depicted in Figure 6-16, again indicating a bipolar zone NW and SE in 
which these vents were concentrated, with 10 and 11 vents forming in each sector 
respectivly.  Further principal zones of preferential vent formation include E and W with 7 
vents in each sector, N and S with 6 vents each, and SW and NE with 6 and 5 vents.  As 
would be expected, a rose diagram of the post-1631 vents (Figure 6-16, (R)) shows a very 
similar pattern, with the greatest number of vents forming to the SE (11 vents).  
 
 
 
Figure 6-16: Location rose diagrams. (L): All known subaerial lateral and flank vents pre- and post-
1631. (R): Lateral and flank vents post- 1631. Each circle is 2 formations to a maximum of 11 at 
the outer circle. 
 
Acocella et al. (2006) undertook a similar study and identified the directions of the post-
1631 lateral fissures, showing a similar, though not exact, pattern to the data of this 
study, with a dominant trend NW-SE, N-S, and W.  Here, the dominant fissure trends are 
NW-SE and N-S (Figure 6-17).  
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Figure 6-17:  Rose diagram of the lateral fissure trends, each circle is count of 2. 
6.3.2 Distribution of Lateral Vents over Time 
A graphical representation of the sectors in which the vents formed (Figure 6-19) 
demonstrates how there is no discernible cyclic trend over time in the formation of lateral 
and flank vents.  For example, a fracture forming to the N is not always followed by a 
fracture forming to the NW.  There is however a clear change with time from vent 
formation restricted to the S before the eruption of 1767, to vent formation across the 
edifice, and in fact primarily forming in the N sector following this eruption.  This is 
further shown in Figure 6-18 and Table 5 (Chapter 6 Appendix), with eruptive sites 
forming from 1631 to 1767 only in the S half of the edifice, with the highest number of 
vents forming in the SE (4 vents) and SW (3 vents) sectors.   
 
Figure 6-18: Rose diagrams showing lateral and flank vent formation 1631-1767 (L), and post-1767 
(R).  Each circle is count of 2. 
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The change in the distribution of these vents suggests the 1767 eruption affected the 
ability of dykes to propagate to the N.  This could have been a direct effect of an element 
of this eruption, or an incremental change over time.  The 1767 eruption was of VEI 3 
(Scandone et al. (1993); this study), the largest since 1737, beginning with quiet persistent 
activity filling the crater with lavas and other volcanic products (Phillips, 1869, Scandone 
et al., 1993, Lirer et al., 2005).  With an increase in intensity of the activity, and a strong 
explosion, eruptive vents formed at 100m below the crater rim and lower on the cone 
(Phillips, 1869) to the NNW (Lirer et al., 2005, Scandone et al., 1993), producing an 
extensive lava flow.  The violence of this eruption may have caused extensive fracturing 
of the upper edifice, allowing magma to propagate to the N.  Alternatively, after 
136 years of semi-persistent activity incremental weakening of the structure inducing 
widespread fracture distribution may have occurred.  Some reports suggest vents 
fractured on the northern side of the cone 13 years previously, in 1754, however the 
contemporary illustrations (Figure 23 to 28 Image Appendix) do not illustrate this, and the 
vent map of Le Hon in Philips 1869 only illustrates vents between the east and south 
(Figure 33, Map Appendix).   
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Figure 6-19: Sector of the edifice in which eruptive fractures formed by year of eruption.
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6.4 Somma Fumarole 
A fumarole cluster outside of the crater was identified during this research during a field 
excursion in 2006.  No documents describing this feature have been located, and it is not 
present on the map of Borgia et al. (2005) which illustrates the location of gas emission 
across the edifice.  It is known to the Vesuvius Observatory, yet is unnamed with gas 
emission recognised after rain (Kilburn, personal communication 2013).  This fumarole 
(here referred to as the Somma fumarole) is located on the boundary of the Somma lavas 
and the 1944 lavas, at ~390m a.s.l. to the SW of the Vesuvius cone (Figure 6-20).  The 
outcrop lies by Via Panoramica Fellapane at approximately 40°49’52.84N, 14°23’23.57E.  
Gas emission occurs within an approximately 4m wide outcrop of Somma lavas, with a 
number of fractures of different sizes hosting different gas velocities and temperatures.  
Through the absence of a smell and the recognition of increased gas emission after rain, , 
the gas emitted is probably water vapour, emitted as warm steam at the upper, larger 
vents and cold air (ambient air temperature?) at the lower vents (Figure 6-21).  A higher 
gas velocity was present at the cold air vents, which may result from the narrower 
structure of this fracture.  Actual temperatures were not recorded, however the upper 
vents were noticeably warm and caused glasses to fog, and were in open, wider cracks 
than the cold air vents, and had a light green lichen or fungus growing on the lavas.  The 
dimensions of the features are given in Appendix 14.  In a 2007 field excursion the Somma 
fumaroles were not seen to be emitting gas to the degree that they were in 2006, 
perhaps due to a decrease in rain with less water reaching the heat source, or a decrease 
in the heat source.      
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Figure 6-20: Location of the Somma vent fumaroles (red star), with the 1944 lavas outlined. 
 
The presence of this fumarole outside of the crater of Vesuvius is significant in showing 
that there is a fracture system present that acts as a conduit between a heat source 
within or beneath the volcanic edifice and the surface at some distance (~3.4km) from the 
central crater.  With the continuous action of steam emission, the hydrothermal 
alteration of the rocks in this fracture zone will lead to a weakening of the rocks, and may 
create a zone of weakness that can be exploited by dyke injections and may be 
susceptible to collapse.  The Somma fumarole approximately aligns with another 
fumarole to the NW of the Vesuvius cone (shown on the map of Borgia et al. (2005)), the 
crater, and the 1906 vents to the SE, falling in the NW-SE area which is an area of 
increased lateral vent formation.  This area also roughly aligns with the collapse zone of 
the Somma edifice and lies between the WFZ and NWFZ at similar heights to the flank 
vents, indicating that this is in a zone of weakness.  
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Figure 6-21: The area of gas emission here called the Somma fumaroles. 
 
6.5 Distance from Summit of Flank and Lateral Vents  
The data collected during this study (Table 6-4) is compiled with the data in Acocella et al. 
(2006) (all in Table 1, Chapter 6 Appendix), to investigate the maximum distance of the 
subaerial flank and lateral fissures from the centre of the crater, including data for both 
pre- and post-1631.  This is highly relevant in regards to hazard assessment.   
 
The results are shown in Graph 6-4, excluding the fissures and vents which did not extend 
beyond 1km from the crater centre as these can be regarded as sub-terminal.  
A logarithmic trendline is applied and an approximately exponential decrease in the 
frequency of lateral and flank eruptive sites is seen with increasing distance from the 
crater, with an R2 value of 0.86 demonstrating a good correlation.  Acocella et al. (2006) 
plot a similar graph of the post-1631 data, which if plotted as a frequency scatter graph 
(Graph 6-5) produces an exponential curve with a R2 value of 0.84.  Two undated pre-
medieval vents formed at more than 7km distance (Graph 6-4), whilst, with the exception 
of the proposed 1861 activity, no vents formed beyond 5km post-1631 (Graph 6-5).  Of 
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the vents, 45% opened at between 1 and 2km in distance, with a mean distance of 
2.54km.  The mean distance of the lateral vents is 1.55km, and the mean maximum 
distance of the flank vents is 4.2km (Table 6-3). 
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Graph 6-4: Combined data from this study and Acocella et al. (2006). The maximum distance from 
the crater centre of all the flank and lateral eruptive sites (pre- and post-1631), excluding those 
<1km distance. 
 
Graph 6-5: Combined data from this study and Acocella et al. (2006). Frequency scatter graph 
plotting the maximum distance of post-1631 flank and lateral eruptive sites from the crater 
centre. 
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6.6 State of the Crater with Development of Lateral and Flank 
Eruptive Sites  
A clear relationship found through the study of the eruptive history is an association of 
the state of the summit crater and the fracturing of the edifice.  During low-VEI activity 
the crater gradually fills with lavas and material such as spatter and ash, in many 
instances with the construction of intracrateric conelets formed during mild Strombolian 
activity.  Through the study of the historic literature and images it has been possible to 
identify when the crater has undergone such filling, however in 15% of activity the crater 
state remains unknown.  The crater was not always explicitly described, and the nature of 
the crater fill is sometimes a matter of debate (see page 96), however a full crater can be 
inferred as this is indicated through the reported occurrence of overflows from the crater 
or the observation of conelets higher the rim.  It has been found in this study that 
approximately 80% of lateral and flank vents formed during periods when the crater was 
totally or mostly filled with lavas and other eruptive material produced during effusive 
and mild Strombolian eruptions (Table 6-8). This value comprises some instances where 
the descriptions are not definite but indicate a high probability that the crater was largely 
infilled.  In only 7% of cases did distal eruptive sites develop while the crater was 
significantly excavated.  This observation has not been discussed in the modern literature 
in relation to Vesuvius, however similar associations are seen at other volcanoes (see 
Discussion).  
Crater Characteristics 
Percentage of Lateral and 
Flank Eruptive Events 
Eruptions 
Shallow, infilled crater 59% 
1631, 1701, 1718-23, 1737, 1756-60, 
1760, 1764-67, 1767, 1779, 1780-90, 
1794, 1822, 1839, 1845-50, 1850, 
1858-61, 1861, 1867-68, 1868, 
1874-84, 1885-86, 1891-94, 1903-
04, 1906 
Active crater (probably 
infilled) 
20% 
1697, 1698, 1707-08, 1714-1718, 
1770-71, 1822, 1871, 1872 
Deep, excavated crater 7% 1754, 1834, 1855 
Uncertain 15% 
1751, 1809, 1810, 1812, 1819, 1895-
99 
Table 6-8: Percentage of lateral or flank events occurring with the crater in different stages of 
filling. 
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6.7 Direction of Propagation of Lateral and Flank Fissures  
The 1631 eruption reopened the eruptive system at Vesuvius after a period of repose of 
at least 60 years, and during this eruption the flank fissure on the SW flank propagated 
upslope (Rosi et al., 1993, Acocella et al., 2006).  This propagation is not explicitly 
described in Rosi et al. (1993), with only the description of the plume beginning at the 
base of the fracture, and the reliability of this propagation direction can be further 
questioned when one considers the uncertainty over the production of lavas or 
pyroclastic flows during this eruption. Acocella et al. (2006) however build on the theory 
of upslope propagation in the 1631 eruption, when they identified that in 25 subsequent 
eruptions the fissures opened downwards.  In this study another eruption in which vents 
opened upslope has been identified, in which a vent is described as opening 600m higher 
than the initial vents during the 1858 eruption (Alfano and Friedlaender (1929); Palmieri, 
1862 in Lirer et al. (2005)).  This eruption was approximately three years long, with 
numerous vents developing across the edifice.  The widespread distribution of vents may 
be indicative of multiple feeder dykes, which would account for the opening of higher 
vents.  No further occurrences of the opening of vents progressively upslope have been 
identified, though it is important to note that data of this type is not available for most 
eruptions.  
 
Downslope propagation of fissures is most common (Nakamura, 1977).  Acocella et al. 
(2006) propose an association between fissure propagation and the state of the conduit, 
based on the theory that in 1631 the conduit was closed at the time of the upwards 
propagation, and subsequently open throughout the remainder of the eruptive period 
(until 1944) in which all fissures propagated downslope.  Acocella et al. (2006) conclude 
that independent of the magma or tectonic setting, dykes will only propagate vertically 
with upwards extending fissures in closed conduit conditions, or, through the 
emplacement of true eccentric dykes, whilst open conduit conditions result in the feeding 
of the fissures through radial, laterally propagating dykes with downslope propagation.  It 
is unclear however, if the conduit can be considered fully closed in 1631, with the 
description of the filling of the crater prior to fissure development (eg: Lobley (1868), 
Phillips (1869) discussed in Chapter 3), indicating behaviour that was repeated 
throughout the following years.  It is hypothesised here that were the fissures truly 
upslope-propagating in 1631 that the obstruction was sufficient for the propagation of 
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such vertical, upwards-opening fissures, with the early products in the crater representing 
the mushy, semi-solidified magmas that had formed intrusions in the upper feeding 
system after earlier activity.  Certainly the development of downwards-forming fissures 
indicates horizontal dyke formation from the central conduit, with blockages possible 
above the level of the fissures. 
 
6.8 Seismic Crises and Fracture Propagation 
The historic flank eruptions were preceded by a number of precursors, including a 3-day 
period of increased seismicity reported in many accounts prior to the 1760, 1794 and 
1861 eruptions (Eruptive history appendix, Scandone and Giacomelli (2008)).  This can be 
related to the fracturing and magma ascent into the upper edifice.  A puff of smoke is 
described as being emitted at the site of the 1794 vent formation 8 days (Scarth, 2009) 
prior to eruption, which is indicative of fracture formation ahead of the propagating dyke.  
Harmonic tremor was also identified prior to the opening of lateral vents, and suggested 
to represent the fracturing of conduit walls (Scandone et al., 2008), although seismic 
signals are stated as occurring with the growth and joining of fractures ahead of the 
mobile magma batch (Kilburn, 2003).  At Etna, similar precursors have been identified, 
with just 2 hours of precursors before the 2002-2003 eruption (Behncke and Neri, 2003a) 
and 5-6 days (Patane et al., 2002) or 4-5 days of precursors before the 2001 eruption 
(Behncke and Neri, 2003a). 
 
Basaltic dyke propagation velocities are generally a minimum of 0.1m/s (Wilson and 
Head, 1981) and on average 1m/s (Wilson and Head, 2002).  The lateral propagation at 
Piton de la Fournaise for example, is reported at 0.2 to 0.6m/s in Traversa et al. (2010).  
Discussing surface fractures related to dyke propagation at Etna, Acocella and Neri (2003) 
identify propagation velocities of “up to a few m/s” but have mean velocities of between 
0.01-0.26m/s.  The reported seismicity may be representative of the increase in magma 
pressure and initial fracturing of the edifice, the nucleation period with initial magma 
injection into the fractures (as in McLeod and Tait (1999)) and the magma propagation 
along the fracture system.  With no instrumental recordings of the Vesuvian seismicity, it 
is unclear precisely when the magma injection may occur.  However, with a common 
precursory period, the initiation and propagation of the dykes must occur on the same 
time scale.  A propagation velocity has been determined here using the cross sections 
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prepared in Chapter 6 to determine the horizontal distance between the approximate 
location of the central conduit and the historic flank vents and the three day period.  This 
results in a consistent velocity of 0.01m/s ( 
Figure 6-22, cross section map in Figure 2, C8 Appendix).  This falls at the low end of the 
velocities discussed in Acocella and Neri (2003), and is low for a basaltic dyke (although 
the dyke propagation velocities are dependent on magma viscosity, depth, host-rock 
properties (Wilson and Head, 1981, Traversa et al., 2010), therefore indicating that the 
three-day period probably includes initial fracturing and magma pressurisation.   
 
Figure 6-22: Calculating time and velocity of fracturing and dyke propagation during the 1760, 
1794 and 1861 flank eruptions at Vesuvius. D=distance, T=time, V=velocity.  
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The constant velocity determined may be indicative of common timings and it is possible 
that this can be used to estimate potential warning times (consisting of the increased 
seismicity) at different levels of the edifice 
 
An estimated duration of fracture formation in each defined fracture zone is given in 
Table 6-9, using sea level (0m) to propose the maximum duration (50m a.s.l. to the 
north), and the height of the caldera floor at approximately 900m a.s.l. to suggest the 
minimum time.  The horizontal distance to the surface half way between these two 
points, at approximately 450m a.s.l. is also calculated.  The timings are also determined 
using the mean height and the mean horizontal distance of known vents (medieval and 
historic) from the central conduit.  The results of this suggests that with a velocity of 
fracture formation of 0.01m/s, subaerial vents forming between sea level and the height 
of the caldera floor may be preceded by seismic signals induced by horizontal fracturing 
for between ~20 hours and ~12 days.  The mean height and distances of the known flank 
vents gives a smaller range, of ~3.5 to ~7 days. 
 
Fracture zone Height a.s.l. (m) 
Horizontal distance from 
central conduit (m) 
Time 
Southern Fracture Zone 
0 7404 8.6 days 
450 2465 2.86 days (68.47hr) 
900 812 0.94 days (22.56hr) 
Mean 240 Mean 4100 4.74 days (113.89hr) 
Western Fracture Zone 
0 7432 8.6 days (206.44hr) 
450 2748 3.18 days (76.33hr) 
900 732 0.85 days (20.33hr) 
Mean 405 Mean 3000 3.47 days (83.33hr) 
North-Eastern Fracture 
Zone 
50 10512 12.17 days (292hr) 
450 3365 3.89 days (93.47hr) 
900 2139 2.48 days (59.42hr) 
Mean 225 Mean 6000 6.94 days (166.67hr) 
North-Western Fracture 
Zone 
50 8275 9.58 days (229.86hr) 
450 3130 3.62 days (86.94hr) 
800 2137 2.47 days (59.36hr) 
Mean 330 Mean 4600 5.32 days (127.78hr) 
Table 6-9: Estimation of time periods of horizontal fracture formation in each fracture zone using 
velocity of propagation of 0.01m/s.  Mean is the mean from the vents in these zones. 
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Although the occurrence of the 3-day precursory seismic crisis is evident through the 
study of the eruptive history and is acknowledged in Scandone and Giacomelli (2008), this 
does not explain the reported occurrence of a “puff of smoke” (Scarth, 2009) at the site of 
the 1794 vents 8 days prior to vent formation.  This occurrence may be an indication that 
a fracture, or system of small fractures permitting gas escape developed well ahead of the 
dyke front, and that widening of this fracture system is then responsible for the seismic 
crisis in the three days before eruption.   
 
Kilburn (2003) explains how vertical pathways to the surface form with the growth of 
fracture systems in which multiple variously-sized pre-existing fractures eventually 
coalesce to form the pathway along which magma may ascend.  Kilburn (2003) states that 
the model describes vertical fracture development, but that it should also be applicable 
to lateral propagation of fractures in response to increased magma pressure.  It therefore 
may be used to explain the seismic activity reported before the flank vent eruptions, and 
may also explain the account of the puff of smoke at the eruption site days before the 
eruptive dyke reached the surface in 1794.  With a blocked conduit, described through 
the presence of a full crater (Blewitt, 1853) magma pressure would have increased.  The 
pressure exerted on the walls of the conduit promotes fracturing, with a system of small 
fractures extending laterally to the surface, with an increasing rate of seismicity with 
increasing growth of individual fractures  until coalescence (Kilburn, 2003).  Although 
speculative, the puff of smoke reported may represent the nucleation period of McLeod 
and Tait (1999) with the initial development or activation of micro-fractures extending 
laterally from the central conduit, creating a pathway for the emission of volcanic gases. 
 
With a short span of precursory activity prior the formation of low-altitude vents which 
are likely to form within inhabited areas, the hazard is significant.  These estimations of 
duration of seismic crises prior to vent formation may prove beneficial in risk reduction, 
but must be explored further. 
 
6.9 Summary 
During 1631-1944 eruptions were focussed at the summit, but with over a quarter of 
eruptions involving lateral vent formation with a mean interval between such eruptions 
of 4.5 years these are clearly important features of Vesuvian activity.  Although just 4 
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flank eruptions occurred in the 313-year active period, their location low on the flanks 
makes such events very important for hazard assessment.  The longest period without 
lateral vent formation occurred after the 1631 eruption, with the first lateral fissures 
occurring in 1697 following the gradual filling of the crater after the excavation in the 
explosive 1631 event.  This association with crater filling is observed throughout the 
period until the last lateral vent opening in 1906, with 80% of lateral and flank vents 
developing after the crater filled. 
 
Lateral vents are identified in all sectors of the caldera, and are largely described as radial 
or sub-radial features, with Acocella et al. (2006) all as radial.  These dominantly formed 
to the NW and SE, but only formed in the south prior to 1767.  After this eruption, lateral 
vents formed mainly to the north.  The data of Acocella et al. (2006) indicates a dominant 
fissure trend NW-SE, N-S and W, whereas data from this research indicates trends NW-SE 
and N-S.        
 
15 flank eruptions are identified, six of which are undated and probably pre-medieval in 
age, located to the NE, NW and S.  Five are medieval, and four post-1631.  The medieval 
and younger vents all occurred in the collapse zone to the S and W.  These vents have 
been mapped and assigned to zones on the basis of their location.  The highest number of 
flank vents occurred in the SFZ and WFZ.  The NEFZ and NWFZ only contain vents older 
than 1631, and are less certain than the southern fracture zones with fewer vents.  The 
poor preservation of even the most recent flank sites indicates there is a high probability 
that further flank eruptions have occurred but are not known.  Including pre-1631 
activity, subaerial flank vents have a mean height a.s.l. of 300m and mean distance from 
the crater of 4.2km.  The most distal subaerial vent is Strocchioni at 7.5km.  Submarine 
features have been mapped in the literature however the identification of these features 
is controversial.  One particular submarine feature of relevance to this work is a pit crater 
at 8.1km from the crater, which is here associated with the 1861 flank eruption.  With the 
inclusion of this, post-1631 flank vents formed at 1.5 to 8.1km from the crater at 40m 
b.s.l. to 700m a.s.l.  The lateral extent of the magma reservoir is not unanimously agreed 
upon however most literature would indicate that it extends sufficiently far to feed all 
subaerial features within this range from vertical dykes.  Authors including Principe et al. 
(1987) and Bianco et al. (1998) link the flank sites with regional faulting, however with 
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little visible association between the mapped Mesozoic and Quaternary faults the 
association with the regional stresses seems poor.  The surface fault system and 
southwards slumping identified in Borgia et al. (2005) shows a better correlation with the 
flank eruptive sites, indicating that gravitational spreading may be responsible for the 
flank fissure eruptions.  The dominance of gravitational stresses is also seen through the 
radiality of the fissures, with most fissures showing a sub-radial or radial alignment 
parallel with the gravitational σ1.  Acocella et al. (2009) show reorientation of dykes 
occurs to produce the radial pattern.  Only two vent systems – Tironi and Monticelli – 
appear to be ring formations.  The submarine features also appear non-radial but their 
relationships are unknown, a non-radial alignment with the summit would put these in 
alignment with the regional σ1 NW-SE with such regional stresses possibly only affecting 
the volcanic basement.  Subaerial fissures trend ENE-WSW and NW-SE, however the high 
concentration of vents to the south shows a misalignment with the regional stress field.    
 
An exponential decrease in the frequency of lateral and flank vents with increasing 
distance from the crater is identified using pre- and post-1631 events.  The mean distance 
of vents was 2.54km, however with a mean distance for the flank vents at 4.2km these 
vents formed close to or within now populated areas, and the occurrence of the 1861 
submarine activity indicates fissures could open to significant distances, which is of great 
significance to hazard assessment.  The active zones post-1631 of the SFZ and WFZ show 
mean vent heights down to 240m a.s.l. at 4.1km from the crater, well within now 
urbanised areas.  With this recognised occurrence, future hazard assessments must take 
these rare, but critical events into account.   
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Chapter 7:  Modelling Development of Vents 
7.1 Modelling Vent Formation 
From a hazard perspective, the development of eruptive vents outside of the Somma 
caldera is of vital importance.  Eleven flank eruptions are identified pre-1631, and four 
eruptions involved flank vent formation between 1631 and 1944.  All of these however, 
produced destructive lava flows (though the 1631 products are controversial).   
 
Although not usually a threat to human life, with direct emplacement of lava flows in 
populated zones there will be an increased risk of mortality.  Without a pre-determined 
origin, the paths of the eruptive products cannot be accurately forecast.  Subaerial flank 
vents formed at a mean distance of 4.2km from the central crater (Chapter 6), placing 
these directly into inhabited areas, with vents forming up to a distance of 7.5km, and 
submarine activity suggesting that vents may open beyond this.   
 
The sectors defined in Chapter 6 (NEFZ, NWFZ, SFZ, WFZ, SMAZ) indicate zones where 
flank vent development has been concentrated in the past and can be used to suggest 
hazard zones for renewed activity.  While lateral vents during 1631-1944 occurred in all 
sectors of the caldera, north and south, all known medieval and post-1631 flank activity 
was focussed to the south.  This can be used to suggest this sector as a preferential zone 
of flank vent formation, as no flank activity is known to have occurred to the north in over 
1ka.  The absence of historic activity to the north may be due to: a) the presence of a 
discontinuity related to the Somma collapse, b) magma feeding focussed in the south, or, 
c) the better consolidation of the northern half of the edifice with increased distances for 
the lateral propagation of horizontal dykes to reach the surface from the central conduit.  
The presence of flank sites on the northern slopes suggests this area has previously 
(probably over 2ka BP) been susceptible to vent formation, and without evidence to infer 
a permanent restriction of dyke movement to the south, it is important to accept that 
there is a chance of repeated development in the northern zone, particularly through 
vertical dyke ascent, and subsequently a vulnerability to effusive activity.   
 
Identifying precisely where flank vents will occur before the onset of activity is currently 
impossible, however it may be possible to further delineate zones of susceptibility to the 
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formation of these features using analogue modelling.  Modelling here is undertaken to 
examine the effect of the load of the edifice on the propagation of dykes and occurrence 
of fissures across the edifice.  The methodology and results of this modelling are 
discussed in this chapter, and interpretation of the results and the comparison with the 
natural system is undertaken in Chapter 8.   
 
7.1.1 Analogue Modelling  
Analogue modelling is a relatively cheap and simple method to study the affect of various 
inputs on a simplified model of the system under investigation (Koyi, 1997).  The model 
recreates some of the important features of the system, but does not replicate the 
natural complexity.  The use of such simplified models and the consequent limitations 
and generalisations must be understood and accounted for, with the understanding that 
they provide a basic representation of the processes without this complexity (Koyi, 1997). 
 
Analogue modelling has been used to investigate a large variety of geological processes in 
the past, such as described in Koyi (1997) often investigating tectonic settings and the 
formation of rift zones, faulting and folding.  These experiments are undertaken with a 
variety of media including sands, wax, clay and gelatine, with the first recorded 
experiment using different cloths and a doorframe to represent strata (Koyi (1997) and 
references therein).  Fiske and Jackson (1972) were the first to use gelatine models to 
investigate the feeding systems of volcanoes, while modelling the rift zones of Hawaii to 
investigate the effects of the regional structure and the gravitational stresses on the 
growth of dykes and rifts.  McGuire and Pullen (1989) also used gelatine and investigated 
the influence of the regional and gravitational stress regimes on the formation of dykes 
and fissures at Etna.  It is the work of McGuire and Pullen (1989), and that of Fiske and 
Jackson (1972), that are the basis of the investigation undertaken in this thesis.   
 
Whilst this study was undertaken, Acocella et al. (2009) were also studying the 
propagation and geometry of dykes forming in stratovolcanoes using gelatine modelling. 
 
As McGuire and Pullen (1989) explain, gelatine, like rock, behaves as an elastic-brittle 
material fracturing in a similar way to the rocks of active basaltic volcanoes, where elastic 
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deformation occurs until a critical point, at which time brittle fracturing takes place as the 
tensile strength of the rock, plus the horizontal minimum compressive stress σ3, is 
exceeded by magma pressure (Dieterich and Decker, 1975; Pollard et al., 1983; Murray 
and Guest, 1982; in McGuire and Pullen (1989)).  Despite the heterogeneous nature of a 
volcanic edifice, the volcanic complex as a whole acts as an elastic material (Fiske and 
Jackson, 1972).  McGuire and Pullen (1989) explain that the tensile strength of the rock is 
represented by the yield strength of the gelatine, and it is the hydraulic pressure of the 
injected water which must overcome this yield strength and σ3 in order to create a 
fracture and dyke. 
 
7.1.2 Regional and Gravitational Stresses 
To undertake analogue modelling it is necessary to focus on one factor and to avoid 
overcomplicating the experimental system.  As explained in Chapter 6 there are two main 
forces acting on the volcanic edifice – regional and gravitational stresses.  The load of the 
volcanic edifice affects the stress field at shallow depth, with growth and collapse 
changing the gravitational stress regime.   
 
McGuire and Pullen (1989) and McGuire (1989) use gelatine modelling and geophysical 
observations to show how fracture development in the basement at Etna is controlled by 
the regional stresses, but at higher altitudes the orientation and growth of eruptive 
fissures is controlled by the gravitational stresses induced by the overall morphology of 
the volcano and by local topographic changes.  They observe that the low altitude Etnean 
fissures occur in swarms, with a tendency to parallel each other reflecting the orientation 
of the tectonic stresses, whilst gravitational stresses act at heights above 1750m resulting 
in the more evenly distributed fissures, roughly radial in alignment.  McGuire and Pullen 
(1989) suggest that for Etna and other large edifices regional tectonic stresses are 
reduced in the lower edifice through fracturing, allowing gravitational stresses to become 
dominant with increased altitude.   
 
A similar effect is seen in the studies of Fiske and Jackson (1972).  They investigated both 
isolated and clustered volcanoes in the Hawaiian Archipelago, and noted that the isolated 
volcanoes showed rifts more closely linked to the regional structure than at the clustered 
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volcanoes.  Fiske and Jackson (1972) do not directly link this to the size of the edifices, 
and instead suggest that the presence of pre-existing structures (the earlier edifices) 
results in the gravitational stresses becoming dominant.  It could be suggested that the 
isolated, single edifices are generally smaller and therefore, as suggested by McGuire and 
Pullen (1989), be more likely to be controlled by the tectonic stresses.   
 
Takada (1997) and Acocella et al. (2009) also describe how dykes and fissures are more 
frequently radial around the summit at the surface, and state that deeper dykes observed 
in eroded edifices show a wider spread of orientations, suggesting, in support of McGuire 
and Pullen (1989), that dykes reorient themselves as they approach the surface to parallel 
the maximum gravitational stresses (Figure 7-1).  Fiske and Jackson (1972) also note that 
the gravitational stresses heavily control the horizontal dyke propagation within the 
upper edifice. 
 
The relevance of this finding on a small edifice like Somma-Vesuvius is unclear, with 
Somma at its maximum height perhaps only half the height of Etna, which may prevent a 
change in the dominance of stress regimes.  At 1281m the current Somma-Vesuvius 
edifice is below the documented height at which the regional stresses are overcome by 
the gravitational stresses at Etna (1750m; McGuire and Pullen (1989)). This indicates the 
possibility for regional stresses to control dyke propagation and fissure formation 
throughout the edifice.  The dominant fissure trend at Somma-Vesuvius has been found 
to change with height (Chapter 6), with flank fissures trending dominantly in two 
approximate directions NE-SW and NW-SE, and lateral fissures NW-SE, indicating a 
change in stress field orientation.  The higher fissures (lateral) show an alignment with the 
dominant regional σ1, while the flank fissures trend both parallel and perpendicular to 
this.  This could suggest that both regional fault systems affect the lower flanks, whilst the 
upper cone is primarily influenced by the dominant regional stress field only.  A similar 
trend in fissure radiality to that described at Etna by McGuire and Pullen (1989) is 
observed at Vesuvius, with radial fissures found within the caldera and sub-radial fissures 
lower on the flanks, with the 1631, 1794 and 1861 fissures paralleling each other.  The 
dominant radiality of the fissures indicates an alignment with gravitational stresses at the 
surface across the edifice.   
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There is a combination of effects from the gravitational and regional stress regimes, with 
fissure trends approximating the regional stress regime, but a dominant sector of flank 
vent formation away from this trend. The observed increase in fracturing of the cone with 
loading of the crater indicates a gravitational control, and a misalignment of the vent 
distribution in comparison with the regional stress fields suggests an over-riding of these 
tectonic systems.  This, coupled with the findings of Borgia et al. (2005) where it is 
suggested that gravitational forces and edifice spreading will be significant in controlling 
future activity demonstrates the need to understand gravitational stresses.  Analogue 
modelling is therefore used here to investigate the propagation of vertical dykes and 
subsequent vent formation in the upper edifice under a purely gravitational stress 
regime. 
 
 
Figure 7-1: Dyke propagation and reorientation within the cone under gravitational stress, 
showing principal stresses. Modified from Acocella et al. (2009). 
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7.1.3 Dyke Form 
McGuire (1989) explains that within the edifice at any point there are three principal 
compressive stresses which act perpendicular to each other; the maximum compressive 
stress σ1, the minimum compressive stress σ3, and the intermediate compressive stress σ2.  
Within a cone experiencing gravitational stresses, σ3 is tangential to the contours at 
shallow depths, whilst σ1 is radial and σ2 vertical (Figure 7-2).  Dieterich (1988), as cited by 
Acocella et al. (2009), showed how the maximum gravitational stress within a cone is 
sub-parallel at shallow depths close to the surface, becoming sub-vertical with increasing 
depth.  It is easier for fractures to open and propagate perpendicular to the minimum 
stress, encouraging the formation of radial fissures about the summit (McGuire, 1989).   
The stress field changes across the edifice, with truncation and lithological discontinuities 
affecting the stresses and dyke movement (Pinel and Jaupart, 2004). Fiske and Jackson 
(1972) demonstrated that the “magma” propagated perpendicular to the minimum 
principal stress when injected vertically under the axis of the model, but as in McGuire 
and Pullen (1989) and McGuire (1989), changed direction at the truncated ends of the 
models to parallel the truncation and σ1.   
 
When magma rises beneath a cone in a purely gravitational stress regime, fracturing of 
conduit walls occurs when the magma pressure exceeds the tensile strength of the 
surrounding rock and the minimum compressive stress σ3, and will form a vertical, 
horizontally propagating dyke, which given enough magma pressure will form a radial 
fissure on intersection with the flank (McGuire and Pullen, 1989, Pinel and Jaupart, 2004). 
 
Horizontal propagation will occur only when vertical propagation occurs more slowly, and 
stalling of the magmas occurs when the magma overpressure (dependent on magma 
buoyancy, density of material through which the dyke is passing, edifice size) is 
insufficient to drive dyke propagation (Pinel and Jaupart, 2004).   
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Figure 7-2: Stress diagram showing the formation of a dyke perpendicular to the minimum 
compressive stress. From McGuire (1989). 
 
Upon injection, the magma may form a radial or non-radial sheet dyke (Figure 7-3).  
Radial dykes radiate about the point of injection and about the summit.  On a cone, these 
would be seen to occur at right angles to the contours.  Non-radial dykes develop when 
the magma adopts a principally horizontal component, intersecting the surface and 
paralleling the contours.  As discussed in McGuire (1989) and Acocella et al. (2009), dykes 
may begin as non-radial formations, but reorient to produce radial fissures at the surface 
under the influence of gravitational stresses and with sufficient magma supply.  
 
 
Figure 7-3: The principal formations of dykes and their expression at the surface as radial or non-
radial fissures, with caldera ring dykes. 
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With a vertical injection of a magma batch of a particular size and ascent rate, it is 
expected that the resulting dyke movement will vary across the edifice, controlled by the 
topography at the surface.  Whilst dykes at Somma-Vesuvius are more commonly 
horizontal formations from the central conduit, vertical injection is the first step in 
understanding the gravitational control of the formation of the dykes, and further 
experimentation involving altering the angle of injection is required in the future.  
The principal behaviours that can be expected on dyke injection can be broadly grouped 
into three styles; a) direct vertical ascent to the surface, b) ascent to the surface at an 
angle away from injection with a significant horizontal component, and, c) stalling within 
the edifice without surface intersection.  Figure 7-4 and Figure 7-5 shows some potential 
dyke formations: 
- A:  Parallels topography and migrates downwards 
- B:  Propagates horizontally, intersecting with surface away from injection site 
- C:  Stalls and forms an intrusion 
- D:  Rises vertically and intersects with the surface 
- E:  Propagates upwards perpendicular to the surface with intersection away from 
injection site 
 
 
Figure 7-4: Dyke propagation scenarios within the edifice. 
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Figure 7-5: Plan view of potential dykes, fissures and vents on a cone, with circular lines 
representing contours.  After McGuire and Pullen (1989) and McGuire (1989). 
 
7.2 Methodology:  Preparation of the Model 
Scaled topographic gelatine models of the upper edifice of the Somma-Vesuvius complex 
and the Somma volcano were required to investigate the topographic effects of the 
edifice form and the influence of the load using analogue modelling.  Coloured water 
acted as the magma analogue.  Previous analogue modelling studies of volcanic 
processes, including those of Fiske and Jackson (1972),McGuire and Pullen (1989) and 
Acocella et al. (2009) were undertaken using simple cones, or generic shapes representing 
features such as ridges and truncated cones as in Fiske and Jackson (1972) and McGuire 
and Pullen (1989).  Whilst the use of generic shapes allows for general observations, it 
does not account for the true morphology of the edifice which has a local affect on the 
stress regime.   
 
Here, scaled models of both Somma (extrapolated from the remains of the edifice) and 
present-day Somma-Vesuvius were used.  Magma injection was simulated at different 
points beneath the edifice to determine how the overlying structure affects the direction 
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and dimensions of dyke propagation, as well as the formation of vents, fissures and 
subsequent flows when the dykes intersect the surface. 
 
7.2.1 The ‘Former’ 
To create the mould first a 3D scaled representation of the edifice, called a former, had to 
be prepared.   
To generate the present edifice, topographic data from a 1:25,000 topographic map 
(I.M.G., 2008) kindly provided by Giuseppe Vilardo and the Laboratory of Geomatics and 
Cartography of the INGV-OV, was used.  Contours at 100m intervals were used to provide 
sufficient detail. 
 
Figure 7-6: Topographic map of the current Somma-Vesuvius edifice, used for preparation of the 
mould.  Modified from data in I.M.G. (2008). 
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The model of the Somma volcano prior to collapse was also used to investigate how dyke 
propagation and vent generation is affected by a different load.  No topographic data is 
available for the Somma edifice, therefore the cone is extrapolated.  This was undertaken 
using both the remnants of the edifice, found to a height of approximately 1100m to the 
N (after the S directed collapse)(Figure 7-7), and historical images which show a profile 
approximating a symmetrical cone (Figure 7-8 to Figure 7-11).  The fracture depicted in  
Figure 7-9 aligns approximately with the edge of the remaining Somma walls and also 
appears to align with the W edge of the elongate crater in Figure 7-8.  This can be inferred 
as the point of collapse.    
 
 
 
 
 
Figure 7-7: Annotated version of diagram of Nazzaro (1997).  Nazzaro (1997) extrapolated the 
Somma cone from the remains of the edifice and shows how the summit crater roughly aligns 
with the current Vesuvius cone.  Annotations added to show approximate heights and collapse 
features 
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Figure 7-8: A reconstruction from the 1700s in Lorenzo (1931) showing a near symmetrical cone 
with an elongate crater W-E pre-AD79. 
 
Figure 7-9: Newbald and Stead in Phillips (1869) show a truncated cone with a fracture in the W 
from BC63. 
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Figure 7-10:  Reconstruction of the Somma cone as seen from Naples (Phillips, 1869). 
 
 
Figure 7-11: A fresco from Pompeii showing the volcano as an approximate symmetrical cone, not 
truncated as post-eruption.  This image may represent the Somma remnants to the N.  
(Image from McManus (2012)). 
 
The existing contour lines up to 400m were used in the Somma model, and extrapolated 
after this to 1600m, using the remaining morphology of the Somma caldera.  This 
generated a sub-symmetrical cone with the summit aligning approximately with the 
current summit and centre of the caldera.  This approximated height correlates not only 
with the contours, but with previous reconstructions of the Somma edifice (as in Figure 
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7-8, and Phillips (1869) and Nazzaro (1997)).  The remnants of the northern wall of 
Somma show erosion features which have developed or increased in size since the 
collapse, and as such, these were not continued in the hypothesized cone. 
 
 
Figure 7-12: Hypothesised simplified topographic model of Somma prior to collapse. Lower 
contours modified from data provided in I.M.G. (2008). 
 
Using the topographic datasets the formers for both models were created using a 
layer-cake method (Figure 7-13).  For this, a scaled model was built up from individual 
layers of a pre-determined thickness cut to the relevant contours, and stacked upon each 
other to produce a 3D model.  The maps were printed to a 1:25,000 scale where 10mm is 
equivalent to 250m, and a cross was drawn for reference from the highest point on the 
cone to ensure that each layer could be correctly aligned.  The cross and contour lines at 
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50m, 100m and every 100m after that to 1200m were then traced on individual papers.  
Intelligent smoothing of the contours was undertaken, as the detail of the more minor, 
primarily superficial erosion features was deemed insignificant to the general morphology 
of the volcano for the purposes of these models, and the true complexity would not 
translate effectively once the model is constructed.  
 
 
Figure 7-13: The construction of the Somma-Vesuvius former using polystyrene and the layer-cake 
method. Correct positioning of each layer is assured using the reference cross. N is to the top. 
 
The layers were constructed using 2mm thick Warmaline (a flexible polystyrene sheet).  
Two layers of Warmaline were required to generate the appropriate thickness of 4mm to 
represent an increase of 100m for each contour interval.  Pritt Stick was found to be 
sufficiently adhesive, and unlike other glues, did not damage the polystyrene or alter the 
thickness of the layers.   
 
Once the Warmaline was cut to the contour lines, the layers were stacked atop each 
other, aligning the crosses to ensure that each layer was positioned correctly with regard 
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to the next (Figure 7-13).  Once assembled on an MDF board using thin layers of PVA glue 
and Spray Mount the general morphology of the volcanic edifice became apparent (Figure 
7-14), and a 3D representation of the topographic map was complete. 
 
 
Figure 7-14: Warmaline cut and assembled to the contours for Somma-Vesuvius. 
 
The polystyrene had to be covered with acrylic sealant for protection during the following 
step of the former-making process.  Application of resin otherwise dissolves the 
polystyrene.  Sealant was applied to smooth the contours and fill them, leaving the 
contours partially visible allowing for observations to be made as to the height of various 
features in future models, and to maintain an accurate shape.  These contour steps must 
not be too prominent as they would then have a potential effect on the stress field in the 
gelatine model.  The relevant features such as major valleys and mounds that are 
otherwise not depicted due to the selection of the contours were moulded in with 
reference to the topographic map.  The acrylic was extended beyond the limits of the 
former and onto the base board in an approximate resemblance of the true morphology.  
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This ensured that the former was firmly attached to the board and prevented the 
subsequent modelling materials from becoming attached to this board.   
 
 
Figure 7-15: Acrylic sealant added to the former for Somma-Vesuvius. 
 
Figure 7-16: The former for the Somma model, with a layer of sealant applied. 
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7.2.2 The Mould 
With a 3D model constructed, a mould was made that was used to model the edifice 
(Figure 7-21).  It was determined that a fibreglass mould would be appropriate for the 
modelling as this is resilient, easy to shape and, importantly, impervious to water.    
First, several coats of PVA Releasing Agent were applied to the former and allowed to dry.  
This allowed for release of the resin/fibreglass construct while protecting the former for 
future use.  To further aid release, a layer of beeswax was applied to the former.  Gelcoat 
was mixed with an appropriate amount of catalyst to allow for sufficient time to apply to 
the former before setting, and this was applied in a thin, even layer and allowed to dry.  
Strips of 1.5oz (450g) Coarse Strand Matting were then soaked in resin, with the catalyst 
solution previously mixed in, until the matting is entirely saturated.  These strips were 
then carefully placed over the top of the gelcoat, building up several layers for strength. 
Once the resin set the mould was removed from the former by sliding a knife under the 
edges and gently prising it away.  As can be seen in Figure 7-17 the mould takes on the 
approximate morphology of the edifice.  The hollow moulds for Somma and Somma-
Vesuvius were then used for the creation of the gelatine models.  
 
 
Figure 7-17: The fibreglass mould being removed from the former of Somma-Vesuvius. 
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Figure 7-18: The fibreglass mould for Somma, showing the approximate profile of this volcano. 
 
Figure 7-19: The removal of the mould from the former for Somma.  The yellow staining on the 
former is the beeswax added to aid removal. 
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Figure 7-20: The inside of the fibreglass mould for the Somma edifice. The contour lines are visible 
giving it the correct shape. 
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Figure 7-21: (Top): Creation of the former by stacking shaped polystyrene sheets to form a 
3D representation of the edifice. 
(Bottom): Creation of the fibreglass mould through the application of gelcoat, resin and 
coarse strand matting to the former. 
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7.2.3 Construction of the Base Board and Determination of the Magma 
Injection Sites 
 
The gelatine model was placed on a board with pre-drilled holes for water injection.  A 
Perspex board engraved with a 2cm reference grid was used. 
 
Distance on 
Board (mm) 
Corresponding 
Lateral Distance 
from Centre in 
Reality (m) 
Approximate 
Corresponding Contours 
Vertically Above this 
Position (m) 
Notes 
0 0 ~1200 
Centre of current crater, 
top of cone 
30 750 ~1000 
This is positioned 
vertically under a point 
towards the base of the 
Vesuvius cone 
50 1250 ~900 
Roughly the centre of the 
atrio between the cone 
and wall of Somma 
80 2000 ~550-700m 
Equates approximately to 
the highest point of 
Somma 
110 2750 ~400-600 
This, 130mm and 150mm 
coincide with the area 
between ~200 and 400m 
a.s.l., which has shown 
previous parasitic vent 
activity 
130 3250 ~300-400 As above 
150 3750 ~200-300 As above 
180 4500 ~0-200m 
This and 220mm are 
positioned under the 
lower flanks, ~100m 
a.s.l., where notably I 
Camaldoli formed 
220 5500 ~Below Sea level  As above 
 
Table 7-1: Positioning of the injection sites in the base board. 
 
Ideally magma injection would be simulated all over the volcanic edifice, at different 
velocities and in varying sized dykes, but this would produce an infinite number of 
experiments.  The number of experiments must be reduced to a manageable level 
which allows for observation of the different factors that may influence the vent 
formation, also allowing for error.  Magma injection was therefore simulated to the N, 
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NE, E, SE, S, SW, W, and NW in lines radiating out from the centre of the crater (Figure 
7-23).  Activity is historically concentrated at the summit crater which is why this was 
taken as the centre, and a central hole represents this.  Whilst this distribution of 
injection sites falsely forces the formation of dykes in a star shape across the edifice, it 
allows for the observation of the ease with which fissures and vents form within each 
sector.  Areas particularly prone to vent formation were identified in Chapter 6; WFZ, 
NWFZ, NEFZ and SFZ, and it is interesting to see if these are replicated in the model.   
 
The injection sites do not align perfectly with any particular contour line, however they 
were chosen as representative of different heights of the cone, and based on locations 
of past vent activity.  These were sufficiently regular and widespread to show how 
magma injection and subsequent migration across the cone varied (Figure 7-22, Figure 
7-23).  As the emplacement of the model on the board varied slightly with each 
application, there was further variation in positioning of the injection sites, however all 
remained in broad zones.  The aim was not to recreate the exact conditions and 
location for vent formation, as much as to discover the behaviour of magma within the 
edifice, and identify zones which may be particularly susceptible to dyke/surface 
intersection and vent formation.  
 
 
 
Figure 7-22: The positioning of the edifice on the base board to show the approximate 
correlation between the injection sites and edifice.  Numbers represent millimetres out from 
the centre (C). 
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Figure 7-23:  The distribution of the injection sites in the base board in relation to the current 
topography of Somma-Vesuvius. The hole location in respect to the gelatine model is 
dependent on the positioning of the model, and will therefore vary with each experiment. 
 
7.2.4 Gelatine Model Making  
Once the moulds were constructed they could be used repeatedly to make gelatine 
models.  The inside of the fibreglass moulds should have a thin layer of Vaseline 
applied to aid the release of the gelatine from the mould on every usage. 
 
The gelatine solution was made using 230-bloom bovine gelatine mixed with hot water 
to dissolve at the ratio of 40g per litre.  Approximately 4 litres were required for each 
model, and this was simply poured into the upturned mould supported in a box  
(Figure 7-25).  The solution must be given 24 hours to set, and placing this in a fume 
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cupboard was advantageous as the steady stream of cool air promoted a more rapid 
setting. 
 
The strength of the gelatine solution was not scaled to represent the tensile strength 
of the volcanic edifice, as this is impractical, and neither Fiske and Jackson (1972) or 
McGuire and Pullen (1989) scaled the gelatine strength, injection volume or rate with 
the model or reality.  Indeed, recreating the natural system in full is impossible, with 
varying volumes and ascent rates across eruptive periods, and the nature of a 
stratovolcano leading to large variations in material properties across the edifice.  
McGuire and Pullen (1989) undertook experiments to test different gelatine strengths 
and discovered that the results were relatively consistent across a number of 
strengths, ultimately performing their simulations of dyke propagation on Etna using a 
solution of 40g/litre, as was therefore used here.  Acocella et al. (2009) chose a 
gelatine density/water ratio of about 1.07 to mimic the ratio of rock/magma.  With the 
findings of McGuire and Pullen (1989) indicating that the range of gelatine strengths 
they used had little control on the results, and the effect of less easily controllable 
factors such as the temperature which effects the strength of the gelatine, the scaling 
of Acocella et al. (2009) probably had minimal effect on the results.  
 
The method used for the preparation of the solidified gelatine model was modified 
from that adopted by McGuire and Pullen (1989) where the model was constructed 
upright on the base-board, using clamps to hold the mould to the board whilst the 
gelatine solution was poured from above (Figure 7-24), as this may result in poorer 
shaping of the model.  In this study, the mould was inverted and gelatine solution was 
able to take the shape of the mould upside down, then rotated to the correct, upright 
position on the pre-drilled base-board (Figure 7-25), resulting in solidified gelatine 
models of the edifice of Somma and Somma-Vesuvius with a recognisable profile, 
Figure 7-26 to Figure 7-28.  
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Figure 7-24: Modified representation of McGuire and Pullen (1989) method for construction of 
the solidified gelatine model. 
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Figure 7-25: Diagram showing preparation of gelatine model.  First a gelatine solution is allowed to set in the 
upturned mould, then the pre-drilled board is aligned on the mould and both are flipped so the mould is upright 
once the mould is removed.  The solidified gelatine model of the volcanic edifice remains positioned on the base 
board ready for injection. 
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Figure 7-26: A solidified gelatine model of the Somma edifice placed on the pre-drilled 
baseboard with reference grid labelled alphabetically. 
 
Figure 7-27: A profile view of the Somma model. 
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Figure 7-28: A comparison showing a solidified gelatine model of Somma-Vesuvius (top) and a similarly oriented profile view of the volcanic complex (bottom from 
Williamson (2010)).
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7.3 Experimental Procedure 
The injection sites were labelled alphabetically, so that there was a consistent 
identifiable reference.  With the solidified gelatine model placed over these holes, a 
10ml syringe was used to inject water coloured with food dye vertically into the edifice 
through the holes from below, at a rate of 1ml per second (Figure 7-29), the same rate 
as used by Acocella et al. (2009).  This volume was seen to be sufficient to reach the 
surface and this rate was sufficient to penetrate and propagate through the gelatine, 
once the needle was inserted approximately 3mm through the tough base of the 
model.    
 
 
 
 
Figure 7-29: Injection of coloured water representing magma, into the solidified gelatine 
model representing the volcanic edifice. 
 
Dyke injection may act to change the stress field, inducing compressional forces away 
from the point of injection, therefore having the potential to affect dyke behaviour 
elsewhere in the edifice.  Takada (1997) in fact suggested that dyke intrusion induces 
compressive effects which prevent further dyke intrusion in the same sector until the 
stress state has relaxed.  Initial gelatine experiments suggested this was only an issue 
with dykes in close proximity to each other, permitting the direct interaction of the 
dykes. Each gelatine model may therefore be used for a number of injections given 
sufficient space apart.  This is beneficial with the number of injection sites and the 
need to inject multiple times to account for anomalous results.   
 
Seismic studies have shown an area aligned beneath the central crater that is likely to 
represent the central conduit.  There are two scenarios of eruptive activity, as 
discussed in relation to fissure formation by Acocella et al. (2006), with a closed 
 
291 
conduit or an open conduit.  The gelatine models provide a homogeneous edifice 
without a pre-existing pathway, therefore representing closed conduit conditions.   
 
The affect of the nature of the conduit is particularly relevant with horizontal dyke 
propagation and vertical ascent within the central zone, therefore having less influence 
on vertical injection as undertaken in these experiments.  A fracture beneath the 
summit was cut in a few models however, using the insertion of a 4mm diameter glass 
pipe.  This fracture was not extended to the surface, but terminated at a depth of 
roughly 15mm.  This may be considered to represent a closed conduit.   
 
The injection process was recorded using still and video cameras, and the dimensions 
of the resulting dykes and fissures were taken immediately on the completion of 
injection, as the fissures can continue growing in size subsequent to the injection.  The 
dimensions, forms and angles of features are recorded (Table 1, Chapter 7 Appendix) 
and mapped, with a final map constructed on completion of all experiments.  It was 
hoped that vertical video of the injection would allow for the identification of the 
direction of propagation of the fissures (Figure 7-30) however a better resolution was 
required.  With a still camera set to take multiple shots down the line of the injection 
site, stages of the dyke formation can be visible (Figure 7-45). 
 
 
Figure 7-30: Recording the propagation of the dykes and formation of fissures and vents using 
video and still camera equipment. 
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7.4 Results and Analysis 
In the simplified model used during these analogue experiments a number of results 
are achieved that can be interpreted in a largely qualitative way (as in Fiske and 
Jackson (1972) and McGuire and Pullen (1989)) to enable broad observations of the 
behaviour of dykes in different sectors of the edifice.  Maps (Figure 7-32 and Figure 
7-33) are constructed from the photographs and written experiment records, showing 
the dyke and fissure formation and any subsequent lava flow.  From this, preferred 
orientations may be deduced and dimensions calculated.  Zones of susceptibility to 
dyke and fissure formation may also be identified using these maps.  Some 
quantitative analysis is used to provide an analysis of the orientation of the dykes and 
the approximate size of the resultant fissures to show general trends in the data. 
 
The primary method of visualising the results is through mapping.  The following key 
applies.   
 
A map showing fissure direction is compiled using the fissures observed during 
experimentation.  Projected fissures are inferred to show probable formations had 
magma supply and dyke growth continued.  Arrows are overlain on the fissures 
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pointing downslope, and representing an average orientation of the fissures and dyke 
fronts (Figure 7-31).  Fissure propagation did not always occur downwards, with rare 
cases of elongation upslope, but the arrows enable a reading of the orientation.  Dykes 
in the upper cone propagated across the summit of the cone, expanding in such a way 
as to intersect the surface radially in sub-terminal fissures (C in Figure 7-31).  The 
completed maps for Somma and Somma-Vesuvius are seen in Figure 7-32 and Figure 
7-33. 
 
 
Figure 7-31: Determining average fissure direction using eruptive fissures formed during 
experimentation and projected fissures based on dyke fronts. 
A 
B 
C 
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Figure 7-32: Map showing fissure directions for Somma.  Red shows eruptive, whilst blue 
shows non-eruptive fissures. 
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Figure 7-33: Map showing fissure directions for Somma-Vesuvius. 
 
To observe effects with distance from the summit crater, or effects of the Somma 
caldera, the mapped results are divided into the inner and outer circle.  The inner circle 
has a radius of 1900m and is derived from the map of Somma-Vesuvius and broadly 
encompasses the caldera and the area of lateral vents, while the outer circle comprises 
everything outside this, being the area of flank vent formation (Figure 7-34).  It is 
advantageous to apply equal sized zones for analysis of the results, so the same circle 
is applied to the Somma model, centred on the summit crater.   
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Figure 7-34: The inner circle on Somma-Vesuvius. 
 
To allow further analysis by area, the edifice, taken as a 360° circle, is divided into 
45°segments of N (337.5 - 22.5°), NE (22.5 - 67.5°), E (67.5 - 112.5°), SE (112.5 - 157.5°), 
S (157.5 - 202.5°), SW (202.5 - 247.5°), W (247.5 - 292.5°) and NW (292.5 - 337.5°), 
using the crater as the central point (Figure 7-35). 
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Figure 7-35: Map showing how the edifice is divided into sections for result analysis. 
 
7.4.1 Fissure Location 
Each sector of the edifice was subjected to a minimum of 11 injections, with the 
resulting dykes and fissures mapped in Figure 7-32 and Figure 7-33.  From these, the 
number of dykes which stalled at depth, and the number which intersected the surface 
to form eruptive fissures, are recorded (Table 7-2), and shown in rose diagrams  
(Figure 7-36).  A much higher percentage of the magma injections resulted in the 
formation of eruptive fissures in the Somma-Vesuvius (64%) model than in the Somma 
model (48%).  This suggests that dyke propagation to the surface is easier in the 
Somma-Vesuvius edifice.  It is probable that dyke growth to the surface would occur if 
magma supply continued, demonstrating the need for magma batches of sufficient size 
to avoid stalling at depth.   
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Figure 7-36: Location rose diagrams showing the number of fissures and stalled dykes within 
each sector of the edifice for the Somma model (L) and the Somma-Vesuvius model (R). Dykes 
which did not reach the surface are shown in blue, eruptive fissures in red. 
 
When divided into lateral and flank vent formation (Table 7-2), it is clear that the 
majority of the dykes introduced below the inner circle were unable to reach the 
surface. A high percentage of injections in the outer edifice formed eruptive vents.  
This difference is likely due to the thickness of the edifice that dykes must propagate 
through.   
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Somma Model 
Sector of 
the Edifice 
(°) 
Eruptive 
Fissures 
Non-
Eruptive 
Dykes 
Total % Eruptive 
% Eruptive 
Inner 
Circle 
(Lateral 
Vent) 
% Eruptive 
Outer 
Circle 
(Flank 
Vent) 
N (0) 8 14 22 36 0 89 
NE (45) 4 7 11 36 13 100 
E (90) 8 5 13 62 50 100 
SE (135) 9 3 12 75 57 100 
S (180) 7 7 14 50 30 100 
SW (225) 10 4 14 71 56 100 
W (270) 6 13 19 32 8 83 
NW (315) 6 9 15 40 10 100 
Totals 58 62 120 48   
Somma-Vesuvius Model 
N (0) 13 5 18 72 25 86 
NE (45) 7 11 18 39 13 60 
E (90) 7 7 14 50 29 71 
SE (135) 10 3 13 77 40 100 
S (180) 11 3 14 79 57 100 
SW (225) 10 7 17 59 0 91 
W (270) 9 6 15 60 29 88 
NW (315) 14 3 17 82 60 92 
Totals 81 45 126 64   
 
Table 7-2: The location of the dykes and eruptive fissures in the Somma and Somma-Vesuvius 
models and the percentage of injections resulting in eruptive fissures. 
 
The NW sector in the Somma-Vesuvius model produced the greatest number of 
eruptive vents, with 82% of injections resulting in eruption, and the S was also 
particularly prone to eruptive vent formation (79%).  The areas most conducive to dyke 
stalling were E and NE where ≤50% of injections resulted in eruptions (Table 7-2). This 
is further illustrated in Figure 7-37, which more clearly shows areas which may be 
susceptible to eruptive vent formation or dyke stalling.  In the Somma model it is clear 
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that areas to the SW, SE and E are more prone to lateral vent formation than all areas 
to the north (N, NE and NW), with less than 50% of injections resulting in eruption in 
the N, NE, NW, W and S sectors.   
 
When injections were undertaken into a pre-cut fracture or into the same injection site 
as an earlier one, stalling did not occur, with the magma rapidly ascending through the 
fracture and extending beyond it, demonstrating how open-conduit conditions would 
favour rapid ascent on pre-determined paths. 
 
 
Figure 7-37: Rose diagrams to illustrate the percentage of injections resulting in eruption in 
each sector of the edifice for lateral and flank vents, Somma model (top), Somma-Vesuvius 
model (bottom). 
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7.4.2 Fissure Orientation 
The orientation of the fissures in each segment in the inner and outer circles are 
determined through the positioning of each arrow on a 360° dial, with the line of the 
arrow placed in the centre of the dial.  This gives a result between 0 and 360°.  To find 
the trends of the fissures both directions are taken, for example a fissure trending 
directly E-W is taken as 90-270°, and both these values are entered in a spreadsheet 
and plotted on rose diagrams using the program Rozeta 2.0 from Pazera (2007).  The 
values are separated by segments (N, S etc) and inner and outer circle, giving rose 
diagrams for each sector of the edifice (Figure 1, 2 in Chapter 7 Appendix), and shown 
graphically in Figure 7-38, with the roses positioned appropriately by sector and 
inner/outer circle.  This demonstrates that the fissures form in a variety of directions in 
each sector and do not always adopt a radial formation about the summit.  The values 
are combined in rose diagrams shown in Figure 7-39.    
 
 
Figure 7-38: Fissure trends in lateral and flank fissures in the Somma (L) and Somma-Vesuvius 
(R) models. Inner circle: lateral fissures, outer circle: flank. Positioned by sector of edifice. 
 
The depiction of the fissure directions across both model edifices shows a dominant 
bipolar trend, NNE-SSW in the Somma model and NE-SW in the Somma-Vesuvius 
model (Figure 7-39).  The fissures in the Somma model adopt a well-defined trend with 
the majority oriented between N-S and NE-SW.  The fissures directions in the 
Somma-Vesuvius model are less well constrained.  
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Figure 7-39: The fissure trends in the gelatine models for the Somma model (L) and 
Somma-Vesuvius model (R). 
 
Lateral fissures in the Somma model adopt a range of orientations, with a dominant 
trend between N-S and ENE-WSW, whilst a better defined dominant fissure trend is 
apparent in the flank fissures, NNE-SSW (Figure 7-40). 
 
 
Figure 7-40: Fissure trends in the Somma model.  L: Inner circle (lateral). R: Outer circle (flank). 
 
The fissures in the Somma-Vesuvius model (Figure 7-41) show a far less well defined 
dominant trend than in the Somma model, with lateral fissures showing two prevalent 
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trend directions NE-SW and N-S/NNE-SSW.  The flank fissures are seen to adopt a 
variety of trends, with the majority trending between NE-SW and WNW-ESE. 
 
 
Figure 7-41: Fissure trends in the Somma-Vesuvius model, lateral fissures (L) and flank fissures 
(R). 
 
7.4.3 Fissure Radiality  
The degree of radiality of the fissures is dependent on the action of the gravitational 
and regional stresses (McGuire and Pullen, 1989, Acocella et al., 2009).  
 
Both radial and ring fissures formed in these experiments with a tendency towards 
radial to sub-radial formation (Figure 7-42).  A quantitative study of the radiality of the 
Etnean fissures is undertaken by McGuire and Pullen (1989) through identification of 
the angular departure from radiality about the summit, and the departure from 
normality to the contours.  This method is applied to the results of the gelatine 
modelling here, as it was for the existing flank fissures in Chapter 6.  McGuire and 
Pullen (1989) do not apply this analysis to their gelatine model results as they do not 
recreate multiple magma injections into an edifice and observe general dyke 
behaviour. 
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Figure 7-42: The formation of a radial dyke and fissure on the Somma model, and the resultant 
long, narrow lava flow. 
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Using the maps of fissure direction, the angular departure from radiality about the 
summit is taken for each fissure and projected fissure.  This is achieved through the 
measurement of the angle between the fissure and a radial line extending from the 
centre of the crater (Figure 7-43), resulting in angles between 0 and 90°.  The results 
are found for each sector of the edifice, and the inner and outer circle to permit the 
observation of trends. 
Figure 7-43: Determining the angle of departure from radiality about the summit 
of the edifice (taken as centre of crater) for fissures. 
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The number of fissures (frequency) falling within the angle ranges 0-10, 11-20, 21-30. 
31-40, 41-50, 51-60, 61-70, 71-80 and 81-90 are recorded in a spreadsheet and are 
shown in histograms for both Somma and Somma-Vesuvius.    
 
The angular departure of the fissure from normality to contours is determined by 
finding the angle between a line normal to the nearest contours and the fissure 
direction (Figure 7-44).   
 
As with radiality, the results of normality to the contours are divided by segment and 
inner and outer circle, and split into frequency by angle range, with the results shown 
in the Appendix spreadsheets (Chapter 7 Gelatine results Somma/Vesuvius Appendix).     
 
  
 
 
Figure 7-44: Determining the angular departure of the fissures (arrows) from normality to 
contours. 
 
7.4.4 Results of Radiality about the Summit 
All the fissures and projected fissures, across the models of Somma and 
Somma-Vesuvius show a widespread distribution in angle compared to radiality.  In 
some cases perfectly radial fissures developed, whilst other fissures more closely 
followed the contour lines aligning non-radially.  The histograms (Graph 7-1) showing 
the results for fissure radiality do however show an overall decrease in frequency of 
fissures at higher angles away from radiality, indicating a general preferential radial to 
sub-radial form.  This relationship is better defined in the Somma-Vesuvius model, 
although in both cases the results are largely random with significant peaks 
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throughout the spectrum, including for non-radial formations.  The maximum number 
of fissures in the Somma model occurs at 51-60° from radiality, indicating sub-radial 
formation of the fissures, whilst the peak frequency in the Somma-Vesuvius model 
occurs at 0-10°, indicating that fissures form in more radial alignments about the 
summit.  
 
 
 
 
 
 
 
 
 
 
Graph 7-1: Radiality about the summit of fissures for the analogue models, Somma (L) and 
Somma-Vesuvius (R). 
 
Separating the fissures by their formation in the inner or outer circles demonstrates an 
increased level of radiality in the fissures distal to the summit in the Somma model 
(Graph 7-2), although with peak frequency as sub-radial formations and an overall 
widespread distribution of angles.  
 
 
 
 
 
 
 
 
 
 
Graph 7-2: Radiality of fissures in the Somma model, for lateral (L) and flank (R) sites. 
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In the Somma-Vesuvius model (Graph 7-3) again a widespread variety between radial 
and ring fissures are formed, with three peaks for Somma-Vesuvius lateral fissures at 
0-10, 31-60 and 81-90°.  There is a clearer trend towards radiality of fissures in those 
formed in the outer circle (flank fissure), with the highest frequency of fissures forming 
at 11-20° from radial. 
 
 
 
 
 
 
 
 
 
 
 
Graph 7-3: Radiality of the fissures in the Somma-Vesuvius model, lateral (L) and flank (R). 
 
The departure from radiality to the summit is broken down further by sector of the 
edifice (N, S etc.) and shown in histograms depicted by edifice sector both for all the 
fissures, and separated by lateral and flank fissures in the appendix spreadsheet 
(Chapter 7 Gelatine results Somma/Vesuvius Appendix).  These show a widespread 
pattern of results of radial and ring fissure formation, with the NE sector of the Somma 
model showing the most dominant radial form of fissures. 
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7.4.5 Results of Departure from Normality to Contours  
 
 
 
 
 
 
 
 
 
 
 
Graph 7-4: Departure from normality to contours for fissures formed on the Somma (L) and 
Somma-Vesuvius (R) models. 
 
The angular departure from normality to contours shows how the topography of the 
edifice influences the formation of the fissures.  The fissures that formed on the 
Somma model have a widespread distribution about normality, suggesting that there is 
no particular topographic influence, whilst for Somma-Vesuvius there is a clear 
downward trend from 0-10° to 81-90° of departure from normal to the contour, 
meaning that the fissures approach normal to the contours, which in most instances 
indicates a radial trend (Graph 7-4).  This correlates with the degree of radiality of the 
fissures which shows a more pronounced tendency towards radiality in the 
Somma-Vesuvius model. 
   
No clear trend is found in the angular departure from normality to contours in the 
Somma model, in either the lateral or flank fissures (Graph 7-5).  There are slightly 
more flank fissures showing a smaller departure from normality, suggesting a slight 
preference for radial fissure formation. 
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Graph 7-5: The angular departure from normal to the contours in the Somma model for the 
lateral (L) and flank (R) fissures. 
 
A much more defined trend is seen in the fissures in the Somma-Vesuvius model 
(Graph 7-6), with a higher number of fissures showing a small departure from 
normality to the contours, suggesting radial fissure formation.  This is particularly clear 
in the flank fissures (outer circle), with the majority forming between 0 and 20° from 
normal to the contours, indicating a greater degree of radiality with distance from the 
summit.  
 
 
 
 
 
 
 
 
 
 
Graph 7-6: The departure from normality to the contours of the lateral (L) and flank (R) fissures 
in the Somma-Vesuvius model. 
 
The results for the angular departure from normality to the contours is further broken 
down by edifice sector for all fissures and the lateral and flank fissures (depicted in 
Chapter 7 Gelatine results Somma/Vesuvius Appendix).  The greatest trend towards 
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normality (radiality) is found in the SW sector of the Somma model and the fissures 
forming closer to ring formation are found in the SE sector of the Somma model, whilst 
in the Vesuvius model the overall trend is towards radiality. 
 
In summary, the tendency towards radial formation is more defined in the 
Somma-Vesuvius model, with both models showing a range of angular departure from 
radiality of the fissures.  This slight tendency towards radiality is supported through the 
study of the fissure orientation in respect to the contour lines, showing how the local 
topography may influence fissure growth.  Overall however, there is a widespread 
formation of radial and non-radial fissures in the gelatine models with a much reduced 
tendency towards radial formation compared with true fissures.  This is unexpected 
given the dominant gravitational stress regime in the models, in which fissures should 
align with the radial σ1, and may indicate that an element in the experimental 
procedure is influencing the final fissure form.  A possible experimental flaw that 
would influence the stress regime within the upper layer of the gelatine models is the 
presence of small steps where the contours were permitted to remain visible.  Further 
experimentation should be undertaken with these made less distinct.  Alternatively, 
this may indicate that dominant radiality of fissures demonstrates the rarity of 
vertically ascending dykes which may form sub- and non-radial fissures.  
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7.4.6 Dyke and Fissure Form 
The strength of the gelatine, properties of the magma analogue and injection rate 
were not scaled to recreate true conditions, but the scaled edifice allows for some 
comparison of the dimensions of the gelatine fissures with reality, and show a 
similarity between models demonstrating a repeatable behaviour.   
 
 
 
Figure 7-45: Photos taken in sequence as magma is injected beneath the Somma edifice, 
showing dyke expansion and eruption.  The upper schematic diagram shows this dyke 
formation. 
 
Instead of ascent as a 3D rounded bubble, in all cases of magma injection the dykes 
form as thin, blade-like structures, expanding in a plane away from the injection site, 
widening within height (Figure 7-46 to Figure 7-48), as is also described in Acocella et 
al. (2009).  The growth of the dykes is shown well in the multi-shot still frames taken 
horizontally, for example in Figure 7-45 with a dyke beneath the summit of the Somma 
model.  Here, the dyke expands laterally in a fan almost across the width of the cone, 
in a thin planar dyke (inset Figure 7-45).  This dyke intersects the surface at the 
summit, in this instance forming a small lava fountain and flow.  In other cases the 
dyke intersected the flanks of the upper cone forming radial fissures.  
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The majority of eruptive sites across the edifice in the gelatine models formed as 
fissures, with point vents forming rarely.  These point vents most commonly developed 
on the lower flanks where magma injection lacked the space within the gelatine for 
lateral extension of dykes, and thus resulted in the development of very small fissures 
or vents.  Effusive fissures form as dyke-fed alignments of vents (Acocella et al., 2006), 
and although these are the most common form of lateral and flank vent formation at 
Somma-Vesuvius, there are spatially restricted singular vents such as Camaldoli, 
indicating a similar behaviour in the gelatine model to the natural system.   
 
All fissures were less than 1mm in width (Figure 7-46, Figure 7-47), corresponding with 
the thin dyke fans, and occurred on the leading edge of the fan at the point of 
intersection with the surface.  Frequently a bulge would develop at the surface prior to 
rupture, similar in fashion to the inflation sometimes seen as a precursor to eruption 
on active volcanoes.  This took the form of an arcuate ridge before the fissure, also arc-
shaped, formed centrally.   
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Figure 7-46: The formation of a ring fissure after a blade-like dyke intersected the surface in 
the valley between the Vesuvius cone and Somma rim.  A small lava flow is restricted to the 
caldera. (1) shows the relation to the cone and overall formation, (2) gives a plan view with the 
9mm fissure visible at an angle away from the injection site, and (3) shows this in diagram 
form. (4) shows a cross section demonstrating the thin nature of the dyke, and (5) shows the 
formation from a different angle more clearly presenting the thin dyke. 
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Figure 7-47: A fissure forming in a 
sub-radial orientation on the 
Somma-Vesuvius model. A thin dyke 
fan expands until it intersects the 
surface and forms a <1mm wide 
fissure at the dyke front, measuring 
~10mm, emitting a branched lava 
flow. 
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Figure 7-48: Still shots from the video recording and diagrams of injection forming a 
radial dyke that if it was to intersect the surface, would have formed a radial fissure 
almost directly aligned with the crater. The magma analogue expands as a dyke fan. 
 
317 
Fissure Length 
The dyke and fissure dimensions vary with each injection, showing a range of values, 
from eruptions at point vents, to fissure eruptions at elongate fissures.  The dyke fans 
were commonly substantially larger than the resulting fissures with only part of the 
dyke intersecting the surface and erupting – at which point the dyke growth ends, and 
fissure growth begins.  The results are given in the Appendix (Chapter 7 Gelatine 
Results Somma/Vesuvius Appendix, with the dyke fans shown in Figures 5, 6 Chapter 7 
Appendix).  
 
In both the Somma and Somma-Vesuvius models eruptions would occur at point vents 
or very small fissures, primarily at lower altitudes, measured at a minimum length of 
1mm in the Somma model and 2mm in the Vesuvius model.  The maximum fissure 
length differed substantially between the models, with 15mm and 25mm in the 
Somma and Somma-Vesuvius models respectively.  Overall the models showed almost 
identical results with a modal fissure length of 5mm and median of 6mm in both 
models, and mean results of 3mm and 4mm in the Somma and Vesuvius models 
respectively.  This represents structures of approximately 100m on the true edifices, 
with the equivalent dimensions provided here, scaled where 1mm in the models is 
equal to 25m on the true edifice.  Post-1631 fissure lengths found by Acocella et al. 
(2006) range between 450 and 2200m indicating that the models produced much 
smaller fissures.  This may be due to the un-scaled magma analogue properties.   
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Model 
Minimum 
Value 
Maximum 
Value 
Mode Mean Median 
Somma (mm) 1 15 5 3 6 
Somma-
Vesuvius 
(mm) 
2 25 5 4 6 
Somma scale 
equivalents 
(m) 
25 375 125 75 150 
Somma-
Vesuvius 
scale 
equivalents 
(m) 
50 675 125 100 150 
 
Table 7-3: Lengths of fissures on the Somma and Somma-Vesuvius gelatine models. 
 
Dyke Length 
The dyke lengths vary more than fissure lengths between both models, but show 
similarities and similar behaviours.  The minimum dyke lengths were 3mm and 2mm in 
the Somma and Somma-Vesuvius models respectively, which were small dykes that 
formed at low altitudes with correspondingly small fissure lengths.  A greater variation 
occurs in the maximum dyke lengths with 55mm and 40mm in the Somma and 
Somma-Vesuvius models respectively.  This reflects the change in the maximum edifice 
height, with the greater dyke length being present in dykes forming across the upper 
cone from injection sites under the summit.  The mean and modal dyke lengths were 
similar in both models, with modes of 10mm and 15mm, and mean values of 18mm 
and 14mm in the Somma and Somma-Vesuvius models respectively; showing that the 
majority the dykes formed at this intermediate value which represents 2 to 3 times the 
fissure lengths.   
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Model 
Minimum 
Value  
Maximum 
Value  
Mode Mean Median  
Somma (mm) 3 55 10 18 17 
Somma-
Vesuvius (mm) 
2 40 15 14 15 
Somma scale 
equivalents (m) 
75 1375 250 450 425 
Somma-
Vesuvius scale 
equivalents (m) 
50 1000 375 350 375 
 
Table 7-4: Dyke lengths in the Somma and Somma-Vesuvius gelatine models. 
Dyke Angle 
Each injection of magma analogue was inserted vertically into the gelatine models, 
representing a vertically ascending magma batch.  Numerous injections continued to 
rise vertically upon injection; these were primarily at lower altitudes where lateral 
propagation was impeded by the lack of gelatine thickness, or following a pre-formed 
pathway (Figure 7-49).  In some cases dykes propagated at significant angles from 
vertical to similar maximum angles in the Somma and Somma-Vesuvius models, at 70 
and 60° respectively, whilst the mean values found were 17 and 20°, showing a more 
moderate deviation from vertical (Table 7-5).  
Model 
Minimum 
Value (°) 
Maximum 
Value (°) 
Mode (°) Mean (°) Median (°) 
Somma 0 70 0 17 25 
Somma-
Vesuvius 
0 60 0 20 30 
Table 7-5: The angular deviation from the vertical of the dykes in the Somma and Somma-
Vesuvius models. 
 
 
Figure 7-49: Dykes propagating at various angles, and the distance of eruption from injection 
site. 
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Eruption Distance 
The eruption distance from point of injection also reflects the angle of the dyke fan, 
showing the lateral movement away from vertical of the dyke prior to eruption.  Again, 
in both models vertical dyke growth occurred, resulting in eruption directly over the 
injection site in some instances.  Some eruptions occurred at a distance from the point 
of origin, corresponding with a greater dyke angle, with a maximum distance of 14mm 
(Somma) and 21mm (Somma-Vesuvius) (Table 7-6).  On the whole, the majority of 
eruptions occurred relatively close to the point of injection, with mean values of 3 and 
4mm.  This reflects the common dyke growth and surface intersection at lower 
altitudes, and does not show the distance that eruption would occur at should dyke 
propagation have continued in all cases. 
  
 
Table 7-6: The distance of the eruption from the point of injection. 
 
7.5 Lava Flows 
Lava flows often formed on dyke intersection with the surface.  In some instances the 
“magma” supply was insufficient for “lava” flow production.   
 
As would be expected, the lava flows were controlled by the topography, following 
paths downslope and in some cases, Figure 7-46, being restricted to the valley 
between the caldera rim and Vesuvius cone. Figure 7-51 and Figure 7-52 show the 
eruption of a lava flow constrained to the summit crater with subsequent overflow.  
The feeder dyke, fissure and lava flow is seen in Figure 7-50.  The speeds, lengths and 
Model / Edifice 
Minimum 
Value  
Maximum 
Value 
Mode  Mean  Median  
Somma (mm) 0 14 1 3 5 
Somma-
Vesuvius (mm) 
0 21 0 4 4 
Somma Scale 
Equivalents (m) 
0 350 25 75 125 
Somma-
Vesuvius Scale 
Equivalents (m) 
0 525 0 100 100 
 
321 
behaviour of the flows cannot be judged through these models, as the magma/lava 
analogue was in no way scaled to represent a realistic rheology, however as a fluid, 
their behaviour in forming narrow flows on steeper slopes, and broad flows at shallow 
slope angles was accurate.  Small fountains developed frequently prior to a flow at the 
smaller fissures and vents.  
  
Combined lava flow maps from all experiments are shown in Figure 3 and 4 Chapter 7 
Appendix.  It must be noted that the distal flow ends do not represent the distance 
true lavas would reach.   
 
 
Figure 7-50: Gelatine model of Somma-Vesuvius with the injection of coloured water from 
point (A) simulating dyke formation (B) and eruption with subsequent “lava” flow (C).  Inset 
image shows the blade-like form of the dyke. 
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Figure 7-51: The injection of the magma analogue into the Somma-Vesuvius model with a 4mm hole cut into centre from beneath the model. The magma rose 
rapidly through this conduit and though the conduit did not intersect with the surface, the magma continued to ascend and intersected with the surface in the 
centre of the crater, forming an intracrateric flow.  A further 10ml was injected and this immediately followed the cut path and erupted at the surface forming a 
fast, long, thin overflow.
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Figure 7-52: Injection of magma with subsequent lava flow, as in Figure 7-51. Two batches of magma injected with pre-existing conduit established.
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7.6 Summary 
The experiments undertaken in this research investigate dyke propagation within an 
edifice under the influence of gravitational stresses only.  Thin, blade-like dykes were 
observed in a similar form to that described by Acocella et al. (2009).  These dykes ceased 
to grow at the onset of fissure growth.  Fissures, and hence eruptions, were more 
common in the Somma-Vesuvius model, which was expected as a function of the edifice 
thickness and injection volume.  The same relationship is seen in the inner and outer 
circle, indicating that vertical dyke injection beneath the caldera is less likely to result in 
eruption unless within a pre-existing fracture system.  The fissure directions show a 
dominant bipolar trend NNE-SSW and NE-SW in the Somma-Vesuvius models 
respectively.  The zones most susceptible to vent formation were the SW, SE and E in the 
Somma model, and the NW and S in Somma-Vesuvius, in a similar manner to the known 
flank eruptions since medieval times.  Within a purely gravitational model unaffected by 
regional stresses, it would be expected from McGuire and Pullen (1989) and Acocella et 
al. (2009) that dykes and fissures would become radial at the surface of the edifice.  
Acocella et al. (2009) investigate the reorientation and find in their model that 97% of 
dykes become radial or sub-radial within the upper 30% of the edifice.  Reorientation was 
observed in the experiments undertaken in this research, with vertical injections 
developing to wide dyke fans which adopted a horizontal component with decreased 
depth, forming angles of about 20˚ from the vertical.  During this research, injections 
were made at low relief, low on the flanks, which previous authors have not undertaken.  
With these, little to no reorientation occurred with the dykes rising vertically to the 
surface where they produced very small fissures or point vents.  More extensive fissures 
were produced at greater slope angles.  Acocella et al. (2009) conclude that fissures can 
reach lengths up to 10km.  Such extensive fissures were not produced in the models in 
this research, with the longest equating to 675m.  At Vesuvius, the 1631, 1794 and 1906 
fissures were certainly extensive, but most were hundreds of metres rather than 
kilometres in length.  All however, produced lavas which extended kilometres beyond the 
fissure end, thereby affecting the lower populated flanks.  Little reorientation was seen in 
injections into pre-cut paths, where the water rapidly advanced through the channel and 
continued vertically beyond.  The same degree of radiality as found by Acocella et al. 
(2009) was not recreated, with the models here producing a much more widespread 
range of orientations, though showing in the Somma-Vesuvius model a preferred radial 
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orientation.  In this model 56% were radial or sub-radial (up to 40˚ angular departure 
from radial) and 59% radial or sub-radial (up to 40˚ variation from normal to the 
contours).  A lower degree of radiality was produced in the Somma model, with 50% up to 
40˚ away from radial, and 46% with up to 40˚ variation from normal to the contours.  This 
variation may be due to the shape of the edifice, with Acocella et al. (2009) and earlier 
authors experimenting only with simple cones.  The Somma-Vesuvius model has a 
particularly variable topographic surface, and this could be responsible for the increased 
radiality in the outer circle compared with the inner circle, in which the Gran Cono is 
situated on a flat plain bordered by the steep walls of Somma to the north.  The Somma 
model better represents a conical edifice however, yet shows relatively poor radiality.  
Such a difference between the results found here and those of Acocella et al. (2009) could 
indicate that a more realistic representation of topography produces a greater variability 
in the stress fields, in turn producing a range of orientations.  Alternatively, this could 
indicate an experimental flaw.  The gelatine density was different to that used by Acocella 
et al. (2009) although McGuire and Pullen (1989) found that this did not affect the results.  
Small ridges were allowed to remain visible in the models representing the contours, and 
these may have locally affected the stress field in such a way to decrease the radiality, 
however Acocella et al. (2009) identified reorientation within the upper 30% of the 
model, this is also unlikely to have had such an effect. Further modelling with a change in 
gelatine density and the removal of these ridges would be advantageous.   
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Chapter 8:  Interpretation and Discussion of Results 
8.1 Interpretation of Findings 
The two principal aspects of this work are the investigation of vent development and the 
study of the morphology and characteristics of the lavas produced at the vents.  Here, the 
results of these sections are analysed and interpreted, prior to making some concluding 
remarks regarding the findings of this research with thoughts about the implications for 
hazard in the Vesuvian area. 
 
8.2 Development and Distribution of Eruptive Vents at Vesuvius 
Eruptions occur from the summit, lateral or flank vents.  The occurrence, location and 
development of vents away from the summit (and therefore closer to inhabited zones), as 
well as the products that can be expected at these vents must be understood for hazard 
assessment purposes.  With this objective, analogue modelling investigating vertical dyke 
propagation under a purely gravitational stress regime was undertaken using scaled 
gelatine models of the edifice created to represent the true topography.  The results from 
this are compared with those found through the studies of the history of Vesuvius to 
investigate dyke propagation and areas susceptible to dyke intrusion and eruption.  
 
8.2.1 Distribution of Vents 
Age and Fracture Zones 
Post-1631 lateral vents formed in all sectors of the caldera, though a change in vent 
distribution with time has been identified with vents restricted to the S before the 
eruption of 1767, and forming primarily to the N after this eruption.  Prior to 1767 the 
dominant directions in which lateral vents formed were SE and SW; after this a dominant 
bipolar trend is seen NW-SE.  The cause for this change is uncertain, although the 
eruption of 1767 was violent (VEI3, Scandone et al., 1993), which perhaps fractured the 
upper edifice.  Incremental weakening up to this point may also be responsible, with the 
explosive nature of 1767 finally opening a fracture system to the north.    
 
15 subaerial flank vents of different ages have been recognised at Somma-Vesuvius, with 
further eruptive features present offshore.  These are presented on a map (Figure 6-1), 
allowing the distribution to be observed, with previous maps from the literature 
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neglecting to show all features.  The subaerial vents are categorised by age into undated 
(pre-medieval), medieval and post-1631.  Only the 1068-1078AD vent is absent from the 
map, as the location is unknown.  The ages of the 10th century cones are not specific, but 
the medieval period of flank vent development can be constrained to 178 years between 
900AD and 1078, during which five flank vent systems developed.  The four recent 
subaerial flank eruptions occurred over a period of 230 years (1631 to 1861).  Both these 
phases of flank vent development occurred in periods of semi-persistent activity, lasting 
352 years (medieval, described in Scarth, (2009)) and 313 years (post-1631).  The similar 
duration of eruptive periods and the similar recurrence rate of flank eruptive sites could 
indicate a cyclic nature in vent development. The ages of the submarine features are 
unknown, with most probably forming before 1631, however the submarine pit crater 
identified by Milia et al. (1998) is here identified as the result of the 1861 flank eruption.   
 
Zones of flank vent formation have been defined, which are comparable to the rift zones 
of Etna and Kilauea.  In these volcanoes frequent flank eruptions make it possible to 
identify rift zones susceptible to vent formation.  Well-defined rift zones are present at 
Etna in which the flank vents cluster (Chester et al., 1985, Branca and Carlo, 2005).  Vent 
density at Etna is as much as >1 vent/km2 (Behncke et al., 2005) demonstrating the 
prevalence of these features.  Within these zones it is possible to further delineate zones 
preferential to vent formation, for example, most Etnean flank vents since 1670 have 
occurred between 1600 and 2800m, with the lowest at 1100m (Branca and Carlo, 2005) 
with the peak occurrence post-AD1535 at 1800m (Wadge, 1977).  The lowest vent older 
than 1535 was at 800m (Wadge (1977); Behncke and Neri (2003b)) demonstrating that 
these flank vents are considerably higher than those on Vesuvius, where, excluding 
potential submarine activity, vents are found as low as 50m a.s.l. (Bosco del Monaco).  At 
Somma-Vesuvius, the peak occurrence of flank vents was at 100-200m a.s.l. (including 
pre-1631 vents, Graph 8-1) with the mean vent heights between 225 and 405m a.s.l.  The 
flank vents of 1631 to 1944 all occurred between 210 and 700m a.s.l.   
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Graph 8-1: Frequency of flank vents at different altitudes, showing data for pre- and post-1631 
flank vents. 
 
Unlike at Etna, Somma-Vesuvius has a small number of flank eruption sites so distinct rift 
zones are less apparent.  Also, unlike at these other volcanoes, there are no associated 
topographic ridges, as described in Lipman et al. (1985) in relation to Kilauea.  The 
relatively small number of flank vents at Somma-Vesuvius may be related to the small size 
of this volcano.  This correlation with size may be questioned however, as Pinel and 
Jaupart (2003) describe how stress acts on magma reservoirs in different ways, both with 
and without a surface edifice.  The failure of the reservoir wall occurs at the point of 
maximum stress which lies directly beneath the edifice.  This stress field acts to maintain 
a central conduit system and focuses the activity, however with a small edifice dyke 
propagation is more likely to occur away from the centre as the edifice load has less 
influence on the stress field than the magma overpressure (Pinel and Jaupart, 2003).  
 
The highest number of flank vents formed in the collapse zone to the S of the volcano, 
between SSE and W, and this is subdivided into the Submarine Activity Zone (SMAZ), the 
Southern Fracture Zone (SFZ) and the Western Fracture Zone (WFZ), in which all medieval 
and post-1631 flank vents formed.  Though there is a correlation with NE-SW and NW-SE 
trending faults, the defined fracture zones (SFZ, etc.,) do not align perfectly with these, 
and it is thought that the mechanism controlling the location of the flank vents is more 
complex than solely based on the regional fault system. The absence of historic flank 
vents to the N could be related to the absence of lateral vents to the N up to 1767, and a 
similar mechanism could be controlling both these features.   
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Figure 8-1: Location of the newly defined fracture zones. Compiled from this study, Principe et al. 
(1987), Scandone et al. (1993), Milia et al. (1998), Bianco et al. (1998), Principe et al. (2004), 
Borgia et al. (2005), Rosi et al. (1987a), I.G.M. (2008). 
 
Dykes and Vent Distribution 
The distribution of vents is indicative of the distribution of dykes, which are controlled by 
the stress regime within the volcano (Nakamura, 1977).  The restriction of flank vents to 
the south from medieval times to present is an important factor that needs to be 
examined to determine the probability of the continuation of this pattern and for hazard 
mapping purposes.  A similar change in vent development is identified at Cumbre Vieja 
(La Palma, in the Canary Islands) by Day et al. (1999), in which one of the rift zones shows 
no recent activity.  Day et al. (1999) suggest that minor intrusions may still occur here, but 
at a significantly reduced rate to previous occurrence. 
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There are a number of possible causes for the absence of flank vents on the northern side 
of the Somma edifice during recent activity:   
1) Having formed through dominantly effusive activity (Kilburn and McGuire, 2001) 
Somma is better consolidated than the more recent Vesuvius cone, and will therefore 
have a higher tensile strength and be more resistant to fracturing.  Dyke arrest occurs 
where more resistant strata such as lavas and older layers prevent dyke propagation 
(Gudmundsson, 2006).  Indeed, there is a greater thickness of lavas, extending to below 
sea level to the north (Cassano and La Torre, 1987).  Somma will also act as a stable 
buttress, with the active growing Vesuvius unbuttressed to the south permitting 
spreading of the southern edifice into the sea with repeated dyke intrusion.  This is 
recognised at other volcanoes, particularly at Kilauea, where the S flank is moving 
outwards along the weak marine sediments, while the N is stabilised by Mauna Loa (Fiske 
and Jackson (1972); Swanson et al. 1976 in Lipman et al. (1985)). The absence of lateral 
vents in the N prior to 1767 may also be due to the buttressing effect of the Somma walls, 
stabilising the northern Vesuvius cone.  The buttressing of the N edifice is demonstrated 
through the finding of Borgia et al. (2005) with the slumping of the edifice to the S.  This 
invokes a change in the gravitational stresses and fracturing of the edifice to the S.  N-S 
faults are identified by Borgia et al. (2005) to correlate with the N-S flank fissures.    
 
2) A structural discontinuity associated with the caldera collapse may act as a barrier 
preventing the ascent of dykes to the N (Figure 8-10 A).  Acocella et al. (2006, 2009) infer 
that this is the dominant cause, with caldera formation preventing magma propagation to 
the outer flanks to the N and E.   
 
3) With the highest transmissivity of groundwaters present in the S (Federico et al., 2002) 
through the fracture system, a higher degree of alteration will be occurring here, 
potentially further weakening this region.    
 
4) A potential link with the thickness of the volcanic pile exists, as subsequent to the 
Somma collapse the thickness of the construct to the S is reduced relative to the N sector, 
meaning as well as a change in the vertical load and stress regime, there is a greater 
lateral distance to the surface from the central conduit over which the dyke must grow.  
This will not impede a vertical dyke of sufficient magma supply as is shown through the 
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analogue modelling, but northwards-directed horizontally propagating dykes have a 
greater distance to traverse before intersecting with the surface.  This will increase the 
probability of dykes stalling to the N, with magma supply reduction through preferential 
surface-intersection and magma drainage to the S, or at the summit crater.  The increased 
lateral distance to the surface in the N is shown in Figure 8-10 (B) with an example 
section.  Stalled, solidified dykes may act to stabilise the N sector, as in Fiske and Jackson 
(1972) who suggest that where these intrusions form they stabilise the structure of the 
edifice.  Although more symmetrical before the collapse, through the measurement of an 
assumed central conduit location to the Somma surface, the distance was greater to the S 
which may have resulted in the northern undated cones.  It must be noted that it is 
probable that more pre-1631 flank eruptions occurred, evidence of which has been 
removed through subsequent activity, particularly in the S where the preservation 
potential of any features is poor due to the funnelling of eruptive products into this area.   
 
The influence of the thickness of the volcanic edifice on volume-limited dykes is seen in 
the gelatine models in which many vertical injections stall beneath the thickest parts of 
the structure.  The vertical height of the edifice is not strictly linked to this, with the 
majority of activity occurring at the highest point of Gran Cono, and it must therefore be 
emphasised that the heterogeneous nature of the volcano will permit dyke intrusion 
through structurally weak and pre-fractured areas.  The distribution of the true and 
modelled lateral and flank vents is shown in location rose diagrams (Figure 8-2, Figure 
8-3) using the percentage of total injections that resulted in eruption to demonstrate the 
distribution of eruptive sites.  Post-1631 lateral vents occurred in all sectors of the 
caldera, though dominantly in the SE and NW.  These sectors in both the natural system 
and the model were prone to vent formation indicating that development here may be 
controlled through the gravitational stresses and morphology of the edifice.  The 
apparent susceptibility of the southern sector in the models is not reflective of post-1631 
vents, and indeed there is not a complete reproduction of known fissures in the gelatine 
models, which makes it difficult to conclude how influential the gravitational stress 
regime is on the distribution of the lateral vents.    
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Figure 8-2: The sectors of the edifice in which lateral vents formed in the gelatine model of 
Somma-Vesuvius (left) and the known post-1631 lateral fissures (right). 
During the post-1631 activity, flank vents only developed between W and SSE  
Figure 8-3) however in the analogue model, flank vents formed in all sectors, with the 
fewest in the NE, E and N, and greatest number in the S and SE.  The increased ability to 
form (clockwise) between the SE and NW in the models indicates a partial alignment with 
the true formations.  However, with the overall pattern of development in all sectors, the 
gravitational influence is probably minimal, with gravity having little effect on the sector 
in which vertical dykes may ascend to form vents.  The increased ability of lateral and 
flank vents to form in the S sector in the models matches the SFZ, which may be indicative 
of a link here.  
 
Figure 8-3: The sectors of the edifice in which flank vents formed in the gelatine model (left) and 
known post-1631 flank vents (right). 
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8.2.2 Radiality 
As Connor and Conway (2000) and Acocella and Neri (2003) describe, flank eruptions 
often comprise the formation of a number of aligned vents radiating from the summit.    
Only one lateral fissure is identified as a non-radial formation.  The only flank vents which 
appear to have formed on ring dykes are I Monticelli and i Tironi, which seem to align 
parallel with σ3, perpendicular to σ1.  This could indicate the rapid arrival of magma 
under high pressure, overcoming the local stress field, or, in its location in close proximity 
to the SE edge of the Somma caldera, are probably related to a system of ring faults 
identified in Borgia et al. (2005) at this location.  The submarine features appear in a non-
radial formation, paralleling the coastline, however this alignment is uncertain. 
 
The majority of the subaerial fissures trend towards radial about the summit, with radial 
to sub-radial flank fissures and radial lateral fissures. The radiality of the lateral fissures 
has been previously reported by Principe et al. (1987) and Acocella et al. (2006), who also 
identify the radial alignment of the dykes in the Somma walls.  Acocella et al. (2009) find 
that whilst at the surface many are radial, at depth the dykes may adopt different 
orientations.  This is due to the change from a controlling regional stress regime, to the 
increasingly influential gravitational stress regime within the cone, which is also found 
through the surface fissure radiality (McGuire and Pullen, 1989, Takada, 1997, Acocella et 
al., 2009).  The dominance of radial subaerial fissures indicates alignment with the 
gravitational σ1, while the submarine fissures appear to align parallel with the regional 
σ1.  A relatively high proportion (~20%) of the flank fissures had a non-radial formation.  
This, and the slightly reduced radiality of the remaining flank fissures with a number of 
these paralleling each other, coupled with the non-radiality of the submarine fissures 
indicates an increased trend towards radiality with increased height, and thus an 
increased dominance of the gravitational stresses with increased height.  The parallel 
nature of the lower flank fissures and the improved radiality about the summit is in 
agreement with that described at Etna by McGuire and Pullen (1989), however this is not 
observed in the gelatine models, in which the outer circle fissures show a better radial 
alignment. 
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8.2.3 Fissure Trends 
Although the dominant radial fissure form indicates that gravitational stresses and the 
reorientation of σ1 controls the surface expression of the dykes, there also is a regional 
component to the fissure orientation. 
  
Plotting the flank fissures in rose diagrams demonstrates their formation in dominant 
trends: ENE-WSW and NW-SE.  The lateral fissures and inferred submarine features trend 
NW-SE.  These two dominant directions (Figure 8-4) indicate that the two main regional 
stresses act to influence fissure formation in different ways with altitude on the edifice, in 
agreement with Principe et al. (1987), Bianco et al. (1998) and Scandone and Giacomelli 
(2008).  Another association, which is probably also controlled by the regional fault 
system, is the presence of a magnetic high (identified in Milia et al. (1998)) trending NE-
SW and a high velocity zone  (identified in Zollo et al. (1998)) trending NW-SE, as shown in 
Figure 8-8.       
 
Figure 8-4: (Left): Trends of all subaerial flank fissures (red), with inferred submarine trends 
overlain in blue. Inner circle is 1, outer is 2.  (Right): Trends of lateral fissures post-1631 from the 
map constructed here, each circle is count of 2. 
The dominant NW-SE trend of the post-1631 lateral fissures indicates an alignment with 
the regional stress σ1, trending perpendicular to the secondary NE-SW strain zone.  The 
dominant ENE-WSE trend of the flank fissures indicates a parallel alignment with this 
secondary fault system and the primary NE-SW feeder fracture (Scandone and Giacomelli, 
2008), with a second dominant trend in alignment with the regional Apeninnic σ1.  The 
N-S trends match the normal, spreading-related faulting discussed in Borgia et al. (2005).   
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The comparison of the results from analysis of the fissure trends in the natural system 
and those generated in the gelatine models under a purely gravitational stress regime 
provides interesting results.  A dominant bipolar NNE-SSW/NE-SW trend is found in the 
models, and this in part matches what is considered as the regional stress system.  The 
trend of the lateral gelatine fissures is almost perfectly perpendicular to the trend found 
in the true lateral fissures (Figure 8-5) whilst the flank gelatine fissures show a more 
complex pattern that shows some similarity with reality (Figure 8-6).   
 
 
Figure 8-5: The lateral fissure trends for the Somma-Vesuvius model (left) and the true post-1631 
Somma-Vesuvius lateral fissures (right). 
 
 
Figure 8-6: The flank fissure trends for the Somma-Vesuvius model (left) and the true flank 
fissures (including medieval and pre-medieval) (right). 
 
336 
The true lateral fissures are aligned dominantly with the regional compressive stress σ1, 
NW-SE.  With this regional stress system removed, and gravitational stress acting in 
isolation on the edifice, the lateral and flank fissures adopt a preferential alignment NE-
SW.  This indicated that in the true edifice, the regional stress regime acts to over-ride the 
gravitational regime and control the lateral fissure formation within the caldera.  This 
conclusion is somewhat complicated by the presence of another regional stress direction 
NE-SW, thought by some authors (Borgia et al., 2005, Scandone and Giacomelli, 2008) as 
being the controlling factor on the feeding and behaviour of Vesuvius.  The trend 
observed in the gelatine models suggests that this NE-SW strain zone, with associated 
aligned features, may not be controlled by regional tectonics, but are the product of 
gravitational forces within the edifice.  Alternatively, the morphology of the edifice is a 
product of the regional stress regime, and reflects and maintains this NE-SW strain 
through a self-fulfilling eruption mechanism.  Such a system is described in Fiske and 
Jackson (1972) whereby eruption products add to the existing edifice shape, maintaining 
that shape and controlling the orientation of future dykes.  If this were the case, it would 
be expected that the regional NW-SE trend would also be apparent in the models, where 
it is absent.    
  
The dominant trends in the true flank fissures are determined with only a small dataset of 
existing flank vents.  A more widespread distribution is found from a much larger dataset 
of fissures analysed in the analogue models.  The dominant NE-SW trend in the gelatine 
models resembles the ENE-WSW trend of the true fissures.  The secondary trends of 
WNW-ESE and E-W in the models are not as well correlated with the true system, 
although there is some similarity with an approximate cross-shaped trend between NE-
SW and ESE-WNW, and another peak approximately N-S (Figure 8-6).  This indicates that 
there may be a partial gravitational control on the development of flank fissures, or 
indeed that the assumed secondary regional stress system NE-SW is in itself 
gravitationally controlled.  If controlled by the gravitational spreading as in Borgia et al. 
(2005), it would suggest that ENE-WSW/NE-SW aligned flank fissures may be expected in 
future activity. 
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Figure 8-7: A rose diagram representation of the volcanic edifice, with trends of the flank fissures 
(red) on the lower flanks, with the corresponding magnetic high (black); and the trends of the 
lateral fissures within the caldera and the corresponding high velocity trend. 
 
A magnetic high detected offshore and through Torre del Greco towards the summit of 
Vesuvius was interpreted by Cassano and La Torre (1987) and Milia et al. (1998) as 
indicating the presence of an elongate magnetic body through this region.  The submarine 
section of the magnetic high has been related to the presence of the cryptodomes (Milia 
et al., 1998), although this interpretation is controversial (see Borgia et al. (2005)).  This 
magnetic high is described as corresponding with a series of vents (Cassano and La Torre, 
1987) and indeed corresponds with the WFZ, the 1631, 1794 and 1861 fissure eruptions 
and the submarine activity, and may be evidence of a solidified dyke system extending 
through the SW edifice.  This may be associated with the repeated description of 
precursory activity in this area, particularly with the inflation of the coastline here and 
changes in the water levels in wells and springs to the SW (seen in the Eruptive History 
Appendix; Scandone and Giacomelli (2008)). 
A high velocity body is found to occur at about 2km depth extending NW-SE, with the 
present day crater forming at the SE end of this body (Zollo et al., 1998).  This body is not 
central in respect of either the current crater, or the Somma caldera, however it is 
suggested that this is related to the recent (1631 to 1944) activity, probably being a 
solidified dyke system which fed the summit crater (Zollo et al., 1998).  A corresponding 
low velocity body extends to the SE from this high velocity body (Zollo et al., 1998).  The 
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presence of these two features has a close association with the dominant NE-SW and 
NW-SE trends found of the flank and lateral fissures.  The NW-SE trending high velocity 
body is located across the summit caldera, clearly aligning with the lateral fissures within 
this area.  The distal, NE-SW trending magnetic high clearly aligns with the trends of the 
flank fissures here (Figure 8-8). 
 
Figure 8-8: Map of flank and lateral features, with magnetic high from Milia et al. (1998) and high 
and low velocity bodies from Zollo et al. (1998). this study, Principe et al. (1987), Rosi et al. 
(1987a), Scandone et al. (1993), Bianco et al. (1998), Milia et al. (1998), Principe et al. (2004), 
Borgia et al. (2005), and I.M.G. (2008). 
8.2.4 Zones of Vent Formation and their Controls 
As discussed, there is increasing fissure radiality with increasing altitude suggesting, in 
agreement with McGuire and Pullen (1989), that fracturing in the upper edifice is better 
controlled by gravitational stresses than in the lower edifice.  However, with the 
determination that most fissures were fed by horizontal dykes, radial formations within a 
cone could be expected. 
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Both the dominant sectors of lateral vent development and the trends of these features 
correlate well with each other and the dominant regional σ1, NW-SE.  This indicates that 
these features are controlled by the regional Apenninic forces (Bianco et al., 1998).  The 
principal fissure trend produced in the gravitational model is perpendicular to this, 
supporting the dominance of the regional stress field.  There is however, also a good 
partial alignment with the sectors most prone to fissure formation in the gravitationally-
controlled models, and the secondary main trend of the lateral fissures both in the model 
and reality approximates N-S.  Overall, the regional Apenninic NW-SE σ1 appears 
dominant within the caldera, with a possible subsidiary N-S gravitational influence. 
 
The flank fissure trends align with the regional stress regime, both following the dominant 
NW-SE direction and trending ENE-WSW approximating the auxiliary trend, in agreement 
with the findings of Bianco et al. (1998).  The principal fissure trend in the models was 
also NE-SW.  Flank vents only formed between SSE and W during the medieval and post-
1631 activity, neither being recreated in the gravitational model (in which vents primarily 
formed between SE and NW) or aligning with the regional stress field.  
 
The increased ability of lateral and flank vents to form in the S sector in the models aligns 
with the SFZ, which may be indicative of a link here with the gravitational spreading 
described in Borgia et al. (2005).  Day et al. (1999) also describe how the increased 
activity within the south rift zone at Cumbre Vieja volcano (La Palma) is induced by 
gravitational stresses. 
 
The dominance of the regional stress regime NW-SE within and outside of the caldera 
indicates that the whole Vesuvius edifice is subject to, and largely controlled by the 
regional principal compressive stress σ1.  As Somma-Vesuvius is below the height at 
which the dominance of stress regimes was found to change at Etna by McGuire and 
Pullen (1989), this edifice could be too small for the regional forces to be negated.   
There is however, an apparent change with height between the lateral and flank fissure 
trends, with the addition of the ENE-WSW trend outside of the caldera.  As this 
approximately aligns with what is thought to be a regional stress system (Bianco et al., 
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1998), but is generated within the gravitational models, it is unclear precisely what 
controls this.  
 
Lateral Vent Zone Summary: 
- Radial fissure orientation – gravitational control, radial σ1 at surface 
- Downwards propagation of fissures – horizontally propagating dykes 
- NW-SE dominant fissure trend in true system – in alignment with regional σ1 
- NE-SW dominant fissure trend in model of gravitational stress 
 
Flank Vent Zone Summary 
- Primarily radial fissure orientation, some parallel each other – gravitational control 
of σ1 at surface  
- Dominant downwards propagation of fissures - horizontally propagating dykes 
- Rare upwards fissure propagation and point vents - rare vertical dyke ascent 
- ENE-WSW and NW-SE dominant fissure trends in true system – alignment with 
regional stress 
- NE-SW dominant trend in model of gravitational stress – this trend may be 
gravitationally controlled, not tectonically 
 
8.2.5 Mechanism Feeding Flank Eruptions 
A common magma reservoir is believed to feed all activity at Somma-Vesuvius, taking the 
form of a laterally extensive sill beneath the volcano (Auger et al. (2003b) and others – 
see Chapter 6).  No current consensus exists on the exact size and position of this sill, 
however the most recently published dimensions indicate that this is sufficiently 
extensive to vertically feed all the subaerial flank vents.  The analysis of the bulk 
geochemistry of the lavas indicates a common chemical composition throughout the 
magmas post-1631, regardless of eruptive vent, with only minor observed changes in the 
crystallinity suggestive of a change in magma ascent.  An analogous change was seen in 
the 2001 Etnean lavas, where Behncke and Neri (2003b) explain that the lavas effused 
were compositionally similar to each other but showed a mineralogical change.  From this 
they inferred a change in magma ascent between the different vents to distinguish 
between the occurrence of lateral and flank vents during the same eruption.  In the case 
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of Vesuvius, the mineralogical change observed in this study of the absence of leucite at 
lower vents can be explained through the buoyancy of leucite crystals, and does not 
indicate a completely separate ascent pathway.  Further analysis of the lavas based on 
vent location may be valuable.    
 
Dykes in the gelatine models were observed to adopt a horizontal component despite 
vertical injection, widening towards the surface of the edifice and most frequently 
forming elongate fissures away from the injection site.  Rare non-fissure vents developed 
on the lower flanks where the volcanic pile was minimal.  This is similar to the frequency 
of elongate fissure formation on the slopes of Vesuvius and the few low-altitude flank 
cones (Camaldoli della Torre, Bosco del Monaco, San Giovanni and Strocchioni) that have 
no known associated elongate fissures.  The surface expression of the dykes and resultant 
cones will be controlled by the dyke morphology and the topography (Tibaldi, 1995, Day 
et al., 1999).  A simple geometrical observation can be made that a horizontally 
propagating dyke intersecting a shallow-angle slope will produce a downwards 
propagating, laterally extensive fissure; whilst at increased slope angles shorter fissures 
would result.  A vertical dyke on shallow slopes would produce a laterally constrained 
fissure or singular vent; or at steeper gradients would produce an upwards-propagating 
elongate fissure.  The low altitude flank vents therefore probably formed on vertically 
ascending, or sub-horizontally propagating narrow dykes.  The 1631 elongate flank 
fissures formed on relatively steep slopes, and are described as propagating upwards, 
indicating their formation as a result of a vertically ascending dyke, as suggested by 
Acocella et al. (2006). 
 
Takada (1997) and Acocella and Neri (2003) discuss how within an eruption comprising 
summit and flank activity, eruptions commonly occur at the summit followed by 
downslope-propagating radial fissures, and list many volcanoes in which this activity has 
been seen to occur, including at Etna, Kilauea and Mauna Loa.  Johnston-Lavis (1891) 
inferred that the Vesuvian flank eruptions were fed by horizontal dykes from the central 
conduit, and this study and Acocella et al. (2006) confirm this through the observation 
that the majority of fissures that formed during historic activity at Vesuvius propagated 
downslope.  As in Figure 8-9 modified from Acocella et al. (2006), a laterally moving dyke 
within a cone will intersect the surface at its upper edge, with continual lateral extension 
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gradually intersecting the slope at lower levels.  A vertically propagating dyke will show 
the opposite of this, vents opening progressively upslope.   
 
Figure 8-9: Horizontally and vertically propagating dykes, and the resultant downwards and 
upwards propagating fissures, after Acocella et al., (2006). 
 
The only fissures Acocella et al. (2006) found to extend upslope during the recent 
eruptive period were those that formed during the 1631 eruption, with a further possible 
migration upslope identified in this study during the 1858 eruption.  Based on the conduit 
being closed during the formation of the flank fissures in 1631, and open after this, 
Acocella et al. (2006) conclude that upwards propagating fissures form on vertically 
ascending dykes in closed conduit conditions, and conversely downwards propagating 
fissures form in open conduit conditions, irrespective of the magma composition or 
tectonic setting.  This broad conclusion can be questioned however, due to the 
description of summit activity prior to the formation of the fissures in 1631, suggesting 
the conduit was already open and full.  Indeed, the upwards or downwards extension of 
fissures may not have any relation to the openness of the conduit, as in Figure 8-9, rather 
being simply related to the dyke form and the point at which they connect with the 
surface.  The state of “openness” of the conduit may also be debatable, with the 
described blocking of the crater and upper conduit associated with many lateral eruptions 
suggesting that these occurred when the upper conduit was, in effect, closed.   
 
In summary, the combination of the majority of fissures being downwards propagating, 
the reasonably consistent chemical composition of the magmas and the apparent link 
with summit activity indicates how the flank vents of post-1631 Vesuvius can be 
considered as fed by horizontal dykes from the central conduit system, and therefore in 
the terminology of Rittmann (1964) could all be considered “lateral”.  This, and the 
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findings of this research are brought together in the Discussion later in this chapter to 
present a view of the high level plumbing system at Somma-Vesuvius. 
 
Figure 8-10: Diagram showing a generalised view of the feeding system, with horizontally and 
vertically propagating dykes feeding lateral and flank eruptions, with the magmatic sill and lower 
extension modified after De Natale et al. (2001).  Potential barriers to dyke propagation to the N 
are shown with (a) possible discontinuity, and (b) stalled dyke due to distance.  
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8.3 Lava Flow-Fields at Vesuvius 
Excluding the periods of intracrateric effusive activity, 83% of lava flow eruptions during 
the period 1631 to 1944 affected areas beyond the base of the Vesuvius cone.  The 
remaining 17% involved the production of small overflows from the crater rim, which 
were restricted to the cone.  These overflows are excluded from the analysis.  Two flow-
field forms have been identified: simple and compound, normally comprising a’a and 
pahoehoe flows respectively (see Chapter 4).  Most commonly, simple flow-fields 
developed over less than 100 days to produce elongate, relatively narrow forms.  More 
rarely thick piles of pahoehoe flow units developed as compound flow-fields over periods 
of more than 300 days.  
8.3.1 Flow-Field Dimensions 
The two flow-field morphologies have very different characteristics, and these are 
exemplified through the scatter graphs comparing the various measured features, 
including durations and dimensions, producing two distinct groups in each of the plots 
(see Chapter 4 and Graph 8-2). 
  
  
 
 
Graph 8-2: Selection of graphs illustrating the distinct separation of the compound mounds (red) 
and simple flow-fields (blue). 
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Lengths of flow-fields 
For lava flow hazard assessment it is vital to understand the length that lava flow-fields 
can achieve.  At Vesuvius the longest lava flow, at 7.65km, was produced in 1834.  This 
was a simple a’a flow-field formed from lateral vents, which was channelled through the 
caldera and to the E.  The mean length of the lavas in this study is 4.13km, which, 
dependent on their origin, results in the inundation of the lower flanks of mean slope 
~2.8°, where the lavas commonly spread to their maximum width.  The longest 
compound flow, at 4.27km, was produced in 1858.  This was effused from multiple lateral 
vents (Lobley, 1868; Phillips, 1869; Alfano and Friedlaender, 1929; Scandone et al., 1993; 
Lirer et al., 2005) with small lava tubes evidenced in field studies, which will have 
contributed to the increased flow extent as the lavas were insulated (Walker, 1973).  The 
division of the flow lengths based on the historic dimensions indicates that short and 
some mid-length flows (≤5.33km) defined in Chapter 4 would only extend into densely 
populated zones if effused from favourable vents, whilst long flows (≥5.34km) will always 
have an impact on the populated slopes.  With a mean flow-field length of 1.87km, it is 
clear that compound flow-fields were short, and largely restricted to the Somma caldera 
(Table 8-1).   
 
An indistinct linear relationship between flow-field length and area is identified.  The 
linear R2 value increases marginally to 0.2677 when the compound pahoehoe flow-fields 
are removed, as Kilburn and Lopes (1988) do for Etnean lavas.  It is then found that the 
data more closely follows a logarithmic trend, with an R2 value of 0.4717 (Graph 8-3).  
Kilburn and Lopes (1988) use a logarithmic graph of length and area for a’a flows at Etna, 
demonstrating a much clearer trend between these two variables than is seen in the 
Vesuvian lavas.  Whilst the strong correlation between length and area observed by 
Kilburn and Lopes (1988) in the a’a lavas of Etna is not reproduced in the Vesuvian a’a 
lavas, some correlation is apparent (Graph 8-3).  The compound lavas, with fewer points, 
show a better correlation between length and area (Graph 8-3), which is reflective of the 
shorter, wider shape of these flow-fields. 
 
An average thickness of 4.9m has been found for the simple Vesuvian flows, but with 
individual a’a flows reaching great thicknesses where channelled through valleys.  
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Compound flow-fields were the thickest produced, building up to 160m (the 1895-99 
Colle Umberto, Alfano and Friedlaender (1929); Scarth (2009)).  
 
 
Graph 8-3: Flow-field length and area, plotted by simple or compound flow-field morphology, 
with a logarithmic trendline.  
Length and Width 
It was expected that a negative correlation would exist between length and width, with 
short flows showing greater widths, however this is not seen, with a poor relationship 
overall, and a increased width being associated with increased lengths in the compound 
flow-fields.  All lava flows were less than 1000m wide, with ~60% classified as narrow 
(<0.30km) and <10% classified as wide (>0.60km).  All flow-fields had highly variable 
widths along their lengths, but on average, the compound flows were wider than the 
simple flow-fields. 
 
Kilburn and Lopes (1988) plot the maximum width and area, finding a good linear 
relationship for the Etnean a’a flows.  This is not as clearly seen in the Vesuvian lavas, 
Graph 8-4, where two groups of flows are apparent, but with only a weak correlation.  A 
much improved relationship is seen between the average width and area at Vesuvius, 
with both simple and compound flow-fields following linear relationships of increasing 
area with increasing width (Graph 8-5).    
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Graph 8-4: Maximum flow width and area, categorised by simple a’a (blue, with logarithmic 
trendline) and compound pahoehoe (red) morphologies. 
 
Graph 8-5: Average width and flow-field area, categorised by simple and compound flow 
morphologies. 
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Date of Formation 
Maximum 
Distance from 
Crater (km) 
Length of Flow 
Field (km) 
Duration of 
Active Flow (days) 
Length to Width 
Ratio 
27/05/1858 – 
12/04/1861 
4.68 4.27 1052 7 
16/12/1881 – 
31/01/1884 
1.98 1.63 1035 5 
02/05/1885 – 
01/07/1886 
2.21 1.99 426 9 
07/06/1891 – 
03/06/1894 
1.69 1.91 1093 5 
03/07/1895 – 
07/09/1899 
2.64 2.16 1528 5 
27/08/1903 – 
30/09/1904 
1.32 0.99 401 Unknown 
27/05/1905 – April 
1906 
~1.00 ~0.5 311 Unknown 
1926 1.37 1.50 
? External flow 
min. 5 days, max. 
246 days 
Unknown 
STATISTICS 
Range 
1 -4.68 (range of 
3.68) 
0.5 – 4.27 (range 
of 3.77) 
311 – 1528 (range 
of 1217) 
5 – 9 (range of 4) 
Mean 2.11 1.87 835* 6.2# 
Median 1.84 1.77 1035* 5# 
Table 8-1: Formation of compound (mounds) fields and their maximum length, distance from 
crater and duration. (*excluding 1926, # excluding eruptions post-1899). 
 
The length to width ratio (L:W) indicates the flow-field morphology by quantifying how 
much longer the field is than it is wide.  A ratio of <1 demonstrates that the flow-field is 
wider than it is long.  Increasingly high ratios show flow-fields that are long and relatively 
narrow.  All Vesuvian flow-fields for which reliable data was available have been 
identified as being between 5 and 36 times longer than they were wide.  However, of the 
range found only 22% are classified as having a high ratio, being particularly long and 
narrow in shape (>24 times longer than they were wide).  38% of flow-fields are classified 
with a low ratio, with modal ratios below 15.  The lowest ratios are found with the 
compound flows illustrating how these are comparatively wide with respect to their 
length (Table 3), at ratios of 5-9, clearly quite different to those of simple flow-fields 
(ratios of 8-36).   The highest L:W ratios post-1631 occur in 1906, 1929 and 1944, when 
intense eruptions produced rapidly emplaced long, narrow flow fields.  Interestingly these 
eruptions cluster at the end of the eruptive period, subsequent to the cluster of low-ratio 
flow-fields of the late 1800s.  Despite an indistinct relationship between eruption style 
and L:W ratio, the majority of the low and medium ratio flow-fields were associated with 
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long-duration, low explosivity events, whilst, as in the three 1900s eruptions mentioned 
above, the higher ratios are associated with more violent, shorter-lived events.    
8.3.2 The Effect of Vent Location on Lava Flow-Fields 
It is important to recognise how the flows from the different vents may vary, to identify 
how the feeding mechanism may change, and to understand the inundation hazard, 
hence the source vents for all the lavas are identified.  With the defined fracture zones, 
these can be used to demonstrate the areas at highest risk of lava flow inundation, as 
described in Behncke et al. (2005) where it is stated that the areas downslope of the rift 
zones on Etna are at highest risk.   
 
Figure 8-11: Pie charts showing the vent location for pile formation (left) and flow formation 
(right). 
 
The two lava flow morphologies identified at Vesuvius can be separated by vent location, 
with simple flows forming from all sources, though primarily from the summit, and the 
compound flow-fields largely originating at lateral vents (Figure 8-11).  The 1926 piles 
were something of an anomaly in the compound pile formations, forming as a summit 
overflow with a very narrow proximal flow on the steep-sided Gran Cono, with the 
construction of the piles at the flow toe on the shallow-gradient caldera floor.  The 
precise location of the lateral eruptive fissures is unknown following their burial, but their 
approximate location is based on the location of the compound piles (being positioned on 
top of these vents).  In all compound pile-forming cases, activity was minimal at the 
summit and focussed at the lateral vents through quiet effusive activity, with only some 
of the 1858 vents hosting spatter from minor Hawaiian-Strombolian activity.  Simple flow-
fields developed during a range of eruption styles.  
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Vent Location and Lava Lengths 
 
Figure 8-12: The lava flows for the period 1631-1944 overlain on the Google Earth image of the 
Vesuvian region. The lighter grey flows are those effused from flank vents. 
 
On average, with increasing distance of the vent from the summit crater, there is a 
corresponding increase in distance from the crater that the lavas reach, demonstrated 
through the map of the lava distribution categorised by vent (Figure 3-3, Figure 8-12).  A 
large area of land between the cone and coast has been inundated with lavas from flank 
vents during medieval and historic times (from 472AD to 1944) (Figure 8-13), although 
based on the data from Conte-Fasano et al. (2006) some of the medieval lavas mapped by 
Principe et al. (2004) may in fact be from 1631.  Despite the debated dating of the coastal 
outcrops, the recognition that lavas from these vents are the most likely to reach the 
coast indicates that much of the shape of the coastline seen today is indeed, as discussed 
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by (Principe et al., 2004), a result of the inundation of flank vent lavas produced during 
medieval and historic times, and in earlier eruptive periods.   
 
 
Figure 8-13: The lavas from medieval and historic flank vents using information from this study 
and Principe et al. (2004). 
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  Summit Lateral Flank 
 Range Mean Median Range Mean Median Range Mean Median 
Duration 
(days) 
2-238 43 10 1-1528 295 10.5 1-8 4 3.5 
Length (km) 
1.77-7 3.92 4.5 
0.99-
7.65 
4.29 4.82 
2.48-
5.7 
4.21 4.33 
Distance  
Reached 
from Crater 
Centre (km) 
1.66-
5.5 
3.6 3.81 
1.32-
7.37 
4.1 4.3 
5.04-
7.10 
6.4 6.7 
Average 
Width (km) 
0.07-
0.31 
0.2 0.2 
0.16-
0.82 
0.34 0.34 
0.25-
0.70 
0.46 0.45 
Max. Width 
(km) 
0.09-
0.7 
0.4 0.3 
0.29-
2.84 
0.8 0.7 
0.3-
1.04 
0.6 0.6 
L:W 8-35 21.8 23 5-36 16.1 15.5 8-11 9.5 9.5 
Area (km2) 0.45-
1.8 
1.2 1.2 
0.87-
6.31 
2.6 1.7 
0.55-
7.93 
3.2 2.1 
Thickness 
(m) 
1.65-
6.5 
4 3.8 3-160 38.3 5 4-8.3 6.1 6.1 
Aspect 
Ratio 
(x10-7) 
45 45 45 7-1227 252 20 8-38 22 20 
Volume  
(x106m3)  
9.52 9.5 9.5 
6.44-
178.6 
46.8 17.3 
6.88-
45.58 
21.9 12.3 
Effusion 
Rate (m3/s) 
28 28 28 1-279 42 19 10-270 103 28 
 
Table 8-2: Characteristics of lava flow-fields by vent location  
 
Similar mean and median values for flow-field length are found at all vent locations ( 
Table 8-2), at approximately 4km, and no lava flow-fields (post-1631) are found to extend 
beyond 8km in length.  Lavas from summit and lateral vents extend to a similar range of 
lengths, of approximately 1 to 7km.  Flank vent lavas differ, with all flows between 2km 
and 6km.  This difference in range of lengths indicates that the vent altitude has an effect 
on the extremes of flow lengths.  The smaller range of lengths in flank vent flows, with a 
lower maximum extension than in summit and lateral lavas is, at least in part, due to the 
discharge of lavas onto low-angle slopes (effects of slope angle summarised in Harris and 
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Rowland (2009)), and this also results in the highest average width at flank vents.  This 
relationship with width is observed in the L:W ratios which on average are lowest at flank 
vents (Table 4).   
Another possible constraining factor for length is the proximity to the sea, which, if 
reached, will exert a cooling effect at the distal flow ends, reducing lengthening and 
promoting widening (described as ocean-limited in relation to Hawaiian flows in Riker et 
al. (2009)).  The relationship between the height of the vent above sea level (flank being 
the lowest) and flow extension is explored in Graph 8-6.  The precise heights of the 
summit and lateral vents are unknown so are included here at 1200m a.s.l. for summit 
eruptions (based on the current cone height of 1281m) and 900m a.s.l. for lateral vents 
(approximately the height of the caldera floor).  The lengths of medieval flank vent lavas 
are estimated from the map of Principe et al. (2004) and these along with the actual 
heights of the flank vents are included in Graph 8-6 to provide a larger dataset.  From 
these plots, the large range of lengths reached by the summit and lateral flows is seen.  A 
positive linear correlation is observed with increasing flank vent altitude resulting in 
increased flow length (Graph 8-6) and this association may be due to the slope angle on 
which the lavas are effused.  Using the data of of Behncke and Neri (2003b) in the 2001 
eruption of Etna there is a slight decrease in length with increasing vent height, and 
Behncke et al. (2005) also demonstrate this in all Etnean activity post-1600, though the 
correlation is poor.     
  
  
Graph 8-6: The height of the vents with flow-field length (left).  (Right) Flank vents only, vent 
height and flow length.  Summit and lateral lavas are post-1631, flank include post-1631 and 
medieval lavas. 
Vent Location and association with Duration, Volume and Effusion Rates 
With a shorter range of lengths in flank vent lavas and some extensive summit flows, the 
Vesuvian lavas differ to those of Etna, where Wadge et al. (1994) describes how the 
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Etnean summit lavas are usually less than 4km long and of low volume while the flank 
(both lateral and flank) lavas are more extensive (between 1.6 – 12.2km) and voluminous.  
Chester et al. (1985) and Behncke et al. (2003) also describe the Etnean flank eruptions as 
producing higher volume lavas at a higher rate than at the summit, though explain that  a 
range of areas, volumes and effusion rates are found.  Insufficient data is available to 
confirm a relationship between volume and vent at Vesuvius, although the data available, 
including that regarding mean flow-field areas, indicates that the Vesuvian lavas follow 
the same volume trend as at Etna, with higher volumes at the flank vents than at the 
summit (excluding crater-filling episodes).  
 
Chester et al. (1985) established that some Etnean flank lava flows are issued in days, 
while others are active for months, quantified in Branca and Carlo (2005) as durations 
from 13 hours to 473 days.  This range is not present in the flank lavas of Vesuvius, which 
were all emplaced in less than 8 days; however there is a significant range in the 
durations at lateral vents, and a higher mean and median life-span in the summit flows 
than flank (Table 8-2).  Calculation of the mean gives 9 months for lateral flows and 1 
month for summit overflows.  Despite these apparent differences, with the range of 
durations present at the summit and lateral vents there is no distinct change in duration 
between these sites (e.g. the longest duration flows occurred from lateral vents but 40% 
of the lateral flows were active for under a week).  The tendency for shorter durations at 
flank vents at Etna is identified by Acocella and Neri (2003) who state eruptions at these 
vents are short-lived (tens of days) and have a higher effusion rate (>10m3/s) than summit 
eruptions (several months in duration, and effusion rate of <2m3/s).  This negative 
relationship between vent height and maximum effusion rate at Etna is also discussed by 
Wadge et al. (1994) and Harris et al. (2007), and is also seen in the data of Behncke and 
Neri (2003b) regarding the multiple vents of the 2001 Etna eruption, with five of seven 
vents showing dramatic increase in eruption rate with decreasing vent height (the two 
anomalies were late-opening).  Paralleling this, the highest mean effusion rate at Vesuvius 
is found for flank vent flows, with summit and lateral vents showing lower mean effusion 
rates.  The effusion rate for much of the summit activity has not been determined due to 
lack of reliable data, however this relationship is thought to stand true as contemporary 
chronicles refer to much of the persistent activity as slow and quiet effusion.  This is 
confirmed through calculation using the mean areas, an assumed flow thickness (mean 
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thickness of 4.9m for Vesuvian flows) and the mean durations, producing results showing 
mean effusion rates being lowest at lateral vents and highest at flank vents (using mean 
values and assumed thickness, summit = 1.58m3/s, lateral = 0.50m3/s, flank = 45.37m3/s).    
 
In relation to Vesuvius, with the formation of flank vents Johnston-Lavis (1891) 
speculated “as much of the lava as there is in the central canal above the level of the new 
vent escapes…the outpour of lava is in direct proportion to the vertical distance between 
the original height of the lava column and the level of the new lateral opening”, a theory 
later endorsed by Scandone et al. (2008), and proposed by Wadge (1977) for flank activity 
at Etna.  The draining of the conduit above the flank vent is evidenced by the significant 
reduction in summit activity while flank activity is ongoing, the downwards propagation of 
the effusive vents and the dominance of effusive activity.  However, these vents may 
additionally be fed by rising magmas, enabling the prolonged effusion with activity 
migrating between vents (as in the 1760 eruption).    
 
8.3.3 Controlling Factors 
Two principal groups of flows are thus clearly identifiable: compound, long-lived, high-
volume flow-fields of high aspect ratio and low length to width ratio, restricted to the 
caldera and upper flanks; and the low aspect ratio, high length to width ratio 
shorter-duration simple flows frequently reaching the lower flanks.  Kilburn and Lopes 
(1988) determine this same relationship at Etna, identifying two groups of Etnean lavas by 
length to width ratios (investigated through width:length) finding that those with low W:L 
(longer than they are wide) flows correspond with durations around 10 days and the 
paroxysmal eruption styles, and those with high W:L (wider flows) correspond with longer 
durations of around 100 days, which are correlated with the persistent activity seen at 
Etna.  In this way, the Etnean and Vesuvian lavas are very similar.   
 
Early theories suggested that viscosity controlled flow length, but Walker (1973b) 
established that this only has an indirect effect on length through control of the thickness, 
introducing the concept of aspect ratio to explore this, and showed that with increased 
viscosity and increased flow thickness shorter flow lengths are achieved than 
equal-volume flows of a lower viscosity.  Instead, Walker (1973b) concluded that the 
effusion rate was the most important factor.   
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Malin (1980) built on the work of Walker (1973b) and determined that no single factor 
dominantly controlled the growth of the lava flow-fields, with effusion rate, volume and 
cross-sectional area all having some influence.  This cross sectional area is a product of 
thickness, and as stated by Malin (1980) is probably dependent on slope, viscosity and 
cooling rate.  Harris and Rowland (2009) explored this and state that the flow growth is 
controlled by a number of factors, which affect each other, including the slope, eruption 
duration, effusion rate, heat loss, flow morphology and rheology.  Flow lengths can also 
be constrained through volume limitations (where the supply runs out) (Harris and 
Rowland (2009), Calvari et al. (2003)).  Calvari et al. (2003) state that brief eruptions 
producing simple flow-fields are frequently volume-limited.  Flow-fields can also be 
cooling-limited (Guest et al., 1987, Pinkerton and Wilson, 1994, Harris and Rowland, 
2009).  It is recognized that effusion rate and heat loss are related, with a higher effusion 
rate supplying increased heat to the flow, increasing the extent the flow can reach before 
cooling restricts lengthening, and with a higher rate of heat loss per unit volume in thin 
pahoehoe flow units than in thicker a’a flows (Walker, 1973b, Harris and Rowland, 2009).    
 
Topography 
Kilburn and Lopes (1988) rule out topography as influencing the two populations of lavas 
at Etna.  Unlike at Etna where the compound flows were restricted to one area, the 
Vesuvian compound flows occurred in all sectors of the caldera with no significant 
slope-change across the sectors.  Vesuvian lavas show an expected increase in area as 
flow-field length increased.  Flows commonly widened on the lower gentle slopes 
(reaching the maximum widths, with average max. width of ~500m), demonstrating 
topography-influenced spreading.   
 
The influence of slope is also seen in the ponding of the compound flows between the 
Gran Cono and Somma rim, and with flank vents producing wide flows on slopes of low 
gradient.  The slope angle is not the dominant controlling factor for flow-field shape 
however, with examples of long, narrow flows occurring on the same slopes as shorter, 
wider flows.  Indeed, Walker (1973b) determine that the gradient has little controlling 
effect on flow length, with the exception of where ponding occurs.  Instead of 
topography, the development of the different flow forms has to be attributed to another 
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factor, with Kilburn and Lopes (1988) suggesting that rheology and effusion rates are the 
controlling factors.   
 
Volume   
The calculation of volumes of lava produced is very important for the determination of 
effusion rates and the identification of common magma batch sizes, as well as for 
determining how the volume may change between the flow-fields of different shapes, 
and Malin (1980) found that volume is as important a factor as effusion rate in length 
control.   
 
With the absence of complete thickness data for the majority of Vesuvian flow-fields, it is 
difficult to calculate volume accurately, though it is clear that a positive correlation exists 
between thickness and volume.  To allow for the inherent uncertainty in the volume 
calculations performed, the flow fields are categorised and analysed by low, moderate or 
high-volume classification.  Through this, it is apparent that most eruptions produced low 
volume flow-fields, with 73% at less than 30x106m3.  Despite the small number of 
volumes analysed, the trend observed with the minority of flow-fields being classified as 
high-volume is expected to hold true across the eruptive period.  However, it is apparent 
that many of the crater-filling periods would also be classified as high volume, with 
volumes similar to the compound mounds (the mean volume of the intracrateric lavas 
was 164x106m3).   
 
A positive linear relationship is observed between the volume and area and there is a 
distinct relationship between volume and L:W ratio, controlled mainly through the 
relationship with length, with the highest volumes associated with the lowest L:W ratio. 
Despite achieving longer lengths, the majority of simple flow-fields were of low volume 
(Graph 8-7), and only a indistinct relationship is found between volume and length.  
Certainly the restricted length of the compound flows at Vesuvius is not a product of 
volume, unless controlled by individual low-volume flow units, and the lengths of the 
Vesuvian lava flows are not directly volume-limited.  This is the opposite to that found by 
Malin (1980) in Hawaiian lavas, where a good positive correlation between flow length 
and volume is found.   
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Romano and Sturiale (1982) in Harris and Rowland (2009) divide the Etnean lavas by 
eruption style, with quiet and paroxysmal events plotting distinctly and both showing a 
well defined relationship between length and volume.  This distinct separation of the 
flows by eruption style (where compound flow-fields are associated with quiet eruptions) 
is also seen in the Vesuvian flows (Graph 8-7) along with a linear relationship between 
volume and length in each sub-group, though poor in the paroxysmal, simple flows.   
 
Graph 8-7: Length and volume relationship of lava flow-fields at Vesuvius, separated by quiet 
(persistent, compound flows) and paroxysmal (simple flows). 
 
Duration 
At Vesuvius the median eruption duration is 22 weeks, indicative of the long periods of 
persistent activity.  Simkin and Siebert (2000) calculated the median duration of eruptions 
to be roughly 7 weeks at volcanoes around the world, considerably shorter than that 
found at Vesuvius.  The eruption duration is frequently longer and unrepresentative of 
the duration of lava production, hence here we use “duration” as period of time of active 
effusion of lavas (excluding intracrateric flows).  This is very important for forecasting how 
long future flows may be mobile, and in the calculation of velocities and effusion rates.   
 
Lava flow-fields were erupted for 1 day to over 4 years, but through the statistical analysis 
of durations it is found that 73% of the flow-fields were fed for less than 31 days, and 35% 
for less than one week.  This predominance of short durations is reflected in the modal 
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and median duration (6 and 8 days respectively).  At 180 days, the mean is skewed due to 
the few very long-duration events, with ~20% of the flow-fields being erupted during 
periods of more than 100 days, including four flow-fields which formed over more than 
1000 days (2.5 years).  The mound-forming compound flow-fields studied here were 
active for between 311 and 1528 days (Table 8-1). A prominent correlation between 
duration and flow-field morphology is evident, with simple flow-fields of longer lengths 
and higher L:W ratios developing more rapidly (over periods of less than 100 days); and 
(excluding 1926) compound, thick, high-volume, high-aspect ratio flow-fields forming 
over longer periods of over 300 days.  The compound pahoehoe flows and a’a flows of 
low L:W ratio formed over longer periods than flow-fields of higher L:W ratio. The same 
association with L:W ratio and duration was observed in Etnean lavas in Kilburn and Guest 
(1993). 
   
This correlation between eruption duration and flow-field morphology is recognised at 
other volcanoes, with Harris and Rowland (2009) and references therein stating that 
during long-lived eruptions compound flow-fields are constructed, with the individual 
constituent flow units emplaced at different locations or during different episodes of the 
same eruption.  Kilburn and Lopes (1988) and Harris and Rowland (2009) describe how 
these compound flow-fields develop during persistent, long-lived (months to years) 
eruptions, but can also form during shorter eruptions from multiple vents.  Walker 
(1973b) found that lava units of low cross sectional area, in long-duration, low effusion 
rate eruptions, were active for minutes to hours and travelled short distances, whilst 
flows of greater cross-sectional area and high effusion rates, even in shorter eruptions, 
produced flows with life spans of hours to days.  
The prevalence of short-lived flows at Vesuvius suggests that magma supplying these 
eruptions ascends through the feeding system in small, discrete, relatively rapid batches, 
feeding short bursts of effusion at the surface.  The occurrence of long-lived flows, of over 
100 days indicates another feeding mechanism, with a continuous, slowly ascending 
degassed magma supply feeding the continuous effusion at the surface as described by 
Locke et al. (2003).  Although the long duration events are seen to cluster between 1858 
and 1899, the continuous effusion may be more dominant than suggested by these 
events, as persistent intracrateric activity was common throughout the eruptive period.  
It is expected that were these intracrateric effusion episodes included in the statistical 
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analysis conducted here, that the activity duration ranges would be very similar at summit 
and lateral vents.  The association between L:W ratio and duration indicates that duration 
is a controlling factor in the development of Vesuvius flow-fields.   
 
Mean Output Rate 
The rate of production of lavas is a crucial characteristic, effecting not only the length of 
the lava flows, but also influencing the other flow dimensions; including the width, 
thickness, area and volume, as well as the flow morphology, and crystallisation rates 
through flow velocity (Harris et al. (2007) and references therein). 
 
Calvari et al. (2011) state that their calculated effusion rates have errors of ±40%.  This is 
similar to that discussed by Harris et al. (2007) where there could be an error of 50%.  This 
demonstrates how even with modern, real-time monitoring, determination of this 
characteristic is imprecise.  Unfortunately, the eruptive record for Vesuvius, though long 
and reasonably detailed, lacks sufficient evidence to determine the rates and volumes for 
most eruptions with accuracy, therefore the effusion rate is only determined in a fraction 
of the Vesuvian flows and is sub-divided into more qualitative categories of low, 
moderate and high for discussion.  There is, however, a range of values calculated of 1 to 
250m3/s.  67% of the flows for which the mean output rate has been calculated have 
rates of more than 10m3/s, indicative of a’a forming rates.   
 
It is apparent that the lowest mean output rates are associated with the longest durations 
and highest volume flow-fields (compound).  The expected relationship of increasing 
effusion rate resulting in increasing flow-field length also exists (Graph 4-28).  Despite 
this, the relationship between MOR and L:W ratio is indistinct, with the lowest mean 
output rates correlated with the shortest flows and lowest L:W ratios, but with the higher 
values intermingled showing high variability and no clear association.  The highest mean 
output rates are correlated with moderate volumes and flow-fields of the greatest area 
and lower aspect ratios.   
 
Walker (1972), (1973b) identified the same relationship between flow-field morphology 
and effusion rate for Etna as found here for Vesuvius, and determined that the effusion 
rate was the primary control on the flow lengths and morphology.  Malin (1980), as 
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described in Harris and Rowland (2009), found the  actual effusion rate the volume and 
time active of individual flow units.  Through this calculation studying both Hawaiian and 
Etnean flows Malin (1980) failed to reproduce the clear correlation between effusion rate 
and length as found by Walker (1973b), where increased effusion rates were associated 
with increased length, regardless of viscosity and slope angle (with flows of <30hrs and >9 
months excluded).  Instead Malin (1980) found that the flows from Etna followed this 
trend, but not the flows from Mauna Loa, which was partially explained by the number of 
tube-fed pahoehoe flows there.  Walker (1973b) excluded tube-fed flows (lengthened 
through reduction in cooling rates) and volume-limited short-duration short flows to 
produce the correlation between effusion rate and length (Harris and Rowland, 2009).  
Malin (1980) also determined a different control for the tube-fed Hawaiian flows, having 
identified how the length was positively correlated and strongly influenced by the volume 
and associated cross-sectional area.   
 
Activity sequences 
Through the historic descriptions of the effusion of the Vesuvian lavas it is clear that the 
output rate varied considerably during eruptions (as widely recognised in other 
volcanoes; for example at one stage of the 1999 eruption of Etna the effusion rate was 
over 20 times the mean rate (Calvari et al., 2003)).  Vesuvian behaviour frequently 
followed the same sequence of activity; slow extrusion of lavas within the crater, 
followed by a more rapid effusion of lavas with the formation of extensive flow-fields 
which reached their maximum distance rapidly, which then remained active with 
additional lava pulses or a slower rate of effusion.  The explosive phases of most 
eruptions were brief, following the lava effusion.  This cyclicity has been recognised and 
classified into different cycles by many authors, however no cycle classification scheme 
perfectly reflects the sequence of activity throughout the eruptive history, and Scandone 
et al. (1993) and Arrighi et al. (2001) question the occurrence of cycles.  A general 
sequence of activity is clear through the study of the eruptive history: persistent effusive 
and weak Strombolian activity, followed by activity of increased intensity with faster 
effusion of lavas, which forms the first part of an explosive paroxysm, and this is followed 
by repose.  This cycle has been variably classified, by Baratta (1897), Alfano and 
Friedlaender (1929) and Carta et al. (1981), as discussed and adopted in Scandone et al. 
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(1993).  Scandone et al. (2008) modify the cycle classification scheme of Mercalli (1905) 
to illustrate an increase in eruption rate from A to PE as follows: 
1. Normal Strombolian activity (A) 
2. Slow lava effusions (SE) 
3. Violent Strombolian eruptions or paroxysms producing eruption columns and 
ashfall, preceded by fast lava emission and sometimes followed by repose (PE)  
The compound intracrateric lava flow-fields and small overflows form during activity A 
and SE, which represent the persistent activity.  More rapid lava flows, reaching the 
populated lower flanks in hours to days, formed during the PEs (Scandone et al., 2008).   
 
At Vesuvius, the lowest effusion rates are associated with the formation of short 
compound flow-fields during persistent, long duration events, and this is correlated with 
effusive and effusive to mild Strombolian style events (VEI <2).  Simple, long flow-fields 
produced during short-lived eruptions at the highest effusion rates formed in eruptions 
that at their most explosive reached Vulcanian and sub-Plinian in style.  The relationship is 
also identified in the lavas of Etna, as described by Walker (1973b) and Kilburn and Lopes 
(1988).  Walker (1973b) illustrated this in two eruptions of Etna, with a low effusion rate 
(~1m3/s) eruption in 1966 forming a compound flow-field of great thickness, described as 
probably comprising “many thousands of separate flow units”; and the 1971 Citelli simple 
flow-field formed with a high effusion rate, which reached its maximum extent early in 
the eruption. 
 
Figure 8-14: The crater on 4/3/1924, showing the intracrateric conelet and pahoehoe flows. 
Photograph by F.Dobe in Alfano and Friedlaender (1929). 
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Locke et al. (2003) define persistent activity as the “continuous release of significant 
amounts of volatiles and heat energy over a long period of time”, which can be through 
activity such as continuous degassing at fumaroles or consistently active lava lakes.  At 
Vesuvius, persistent activity is characterised by fumarolic emissions and slow production 
of pahoehoe flows within the crater.  Locke et al. (2003) explain that despite continuous 
activity and high energy transfer (as heat), this occurs at low mass flux rates, as is also 
identified through the association of low effusion rates with persistent activity here for 
Vesuvius and in Kilburn and Lopes (1988) for Etna.  It is suggested that this activity is the 
surface expression of the convection of magmas, with buoyant volatile-rich magmas 
ascending, and degassing and cooling as they rise, thus becoming dense and sinking back 
down the conduit (Stevenson and Blake, 1998).  The intracrateric compound flows and 
the lateral vent-fed compound pile formations identified in this study form through the 
eruption of low-volume individual flow units during this convection.  Similar behaviour is 
present at Etna, with the summit Strombolian activity and lava fountains suggested by 
Branca and Carlo (2005) to represent the degassing of magma in the upper feeding 
system.  Activity at Stromboli also normally consists of small Strombolian explosions at 
the summit, explained by Calvari et al. (2011) as being fed by shallow reservoirs of magma 
within the upper conduit.  This persistent convection, and the continuous loss of heat and 
gas indicates that that there is a constant supply of new magma into the system, but that 
only a fraction of this magma is erupted at the surface, with the un-erupted degassed 
magmas potentially forming intrusions within and beneath the volcanic edifice (Locke et 
al. (2003) and references therein).   
 
As previously discussed, the slow filling of the crater ahead of paroxysms probably 
represents the extrusion of these degassed mushy magmas, as the fresh batches of 
volatile-rich magmas push these magmas ahead of them.  Typically, crater filling occurred 
at mean values of less than 3m3/s.  This value has been calculated using the estimated 
crater volume and entire duration of filling, and represents the eruption rate defined in 
Harris et al. (2007), (2009). This value is comparable with the compound pile-forming 
events and it may be considered that these features are the external manifestation of 
persistent activity within the crater, perhaps forming lateral vents due to a blockage in 
the upper conduit, or the fracturing of the cone through the loading induced by an 
already filled crater. 
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In a similar way to that described at Vesuvius, Etna often shows persistent summit 
activity, which Chester et al. (1985) states reflects the height of the magma column within 
the edifice.  The effusion rate of persistent Etnean activity is generally <1m3/s (Chester et 
al., 1985), which is very similar to that found at Vesuvius, where the median value is also 
<1m3/s.  These low effusion rates are normally associated with compound, pahoehoe lava 
flows, and the formation of these within the crater of Vesuvius is confirmed through 
historic imagery (Figure 8-14). 
 
The volume of the void crater of Vesuvius at different stages during 1631-1944 ranged 
from less than 1x106m3 to over 1000x106m3, however most volumes found were 
relatively low.  The crater was most voluminous (10x108m3) after the 1631 sub-Plinian 
eruption, and took until 1694 to be filled to the point of overflowing.  Not all crater-filling 
episodes were of low effusion rate, with many instances of intense summit activity filling 
the crater rapidly prior to production of extensive overflows.  An example of rapid filling 
occurred before the 1631 paroxysm, when the crater was described as filling within 15 
days prior to the 1631 eruption (Le Hon (1865b) and others).  The effusion rate calculated 
for this, at 184m3/s,  is much greater than the subsequent crater filling periods, though, as 
discussed in Chapter 3, the nature of this filling is disputed.   
 
As the intracrateric lavas reached the crater rim small overflows formed on the Gran 
Cono.  The restriction in length of the pahoehoe overflows, despite high slope angles, 
reflects the rapid cooling of the small volume flow-units.  Cooling of lavas occurs through 
contact with the ground and atmosphere, and with undercooling as described in Sparks 
(1978) where rapid growth of quench crystals and volatile loss on eruption leads to an 
increase in viscosity and yield strength.  The mushy magmas erupted during periods of 
persistent activity would have a low volatile content, and thus will not be strongly 
undercooled or undergo a significant change in rheology on eruption, and would form 
pahoehoe flows of low yield strength.  Harris and Rowland (2009) state that simple lava 
flows produced during short-lived eruptions are also cooling limited, with effusion rate 
determining the cooling limited length.  With high volatile contents, Sparks (1978) 
explains that lavas will become strongly undercooled with a high yield strength, and will 
form simple a’a channels except at low effusion rates.  In flows of this kind, with a 
channelled cooling-limited flow, the maximum distance from the vent is “almost always 
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attained during the early part of the eruption” (Harris and Rowland, 2009).  The peak 
effusion rate (higher than the average rate over the whole eruption) occurs in the first 
days of an eruption (Walker (1973b); Harris et al. (2007)) and this is used to explain the 
scatter in the correlation between length and effusion rate in Walker (1973b).  The 
maximum flow length is a product of the early effusion rate, for example the 1961 
eruption of Askja had an effusion rate of 800m3/s in the first 8 hours, which subsequently 
dropped producing an average of 33m3/s, with the lava flow reaching almost its full 
length within the first day of the five week eruption (Thorarinsson & Sigvaldason (1962) in 
Walker (1973b)).  Kilburn and Guest (1993), and Calvari et al. (2003) discuss the initial 
flow lengthening stage from Lopes and Kilburn (1990) and Kilburn and Lopes (1991), after 
which the lavas undergo widening and thickening as the effusion rate decreases.  This is a 
common occurrence at many volcanoes,  with Calvari et al. (2011) identifying this in the 
2003 and 2007 eruptions of Stromboli, and Wadge et al. (1994) demonstrating this at 
Etna (at 10-100 times higher in the early stage of the eruption than for the whole 
eruption).  This is observed in a number of Vesuvian flows, where the maximum extension 
was reached in the early stages of the eruption, with subsequent slower expansion and 
addition, indicating that these flow fields are cooling-limited.  Examples of this behaviour 
at Vesuvius include the the 1751 flow which is described as reaching 4 miles (>6km) in 8 
hours, but continuing for 25 days (Auldjo, 1832, Blewitt, 1853, Lirer et al., 2005).  The 
1794 flow reached its maximum extension within approximately 6 hours (Auldjo, 1832, 
Lobley, 1868, Phillips, 1869) with an overall duration of 5 days.  The 1855 flow reached 
the towns of San Sebastiano and Massa di Somma (~5km) within a day of the initiation of 
effusion (Scandone et al., 1993), and continued to be fed for 28 days.   
 
The occurrence of this initial flow lengthening at volcanoes is explored in Harris et al. 
(2000) who build upon work by Wadge (1981) in defining two types of lava effusion.  Type 
I is defined by high effusion rates, with rapid flow lengthening and effusion of most of the 
total eruption volume in the early stage of the eruption followed by a decrease in rates 
over the eruption occurring in a closed, pressurised system (Harris et al., 2000, Wadge, 
1981).  Type II, as defined by Harris et al. (2000), encompasses eruptions with low, steady 
effusion and eruption rates, and a steady increase in cumulative volume over the course 
of the eruption, occurring in open-conduit systems.  The persistent activity observed at 
Vesuvius is of Type II, while the paroxysms are Type I.  Harris et al. (2000) explains that 
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Type II activity can occur at flank vents where pre-existing fissures provide an open 
conduit.  This is a probable scenario for the persistent activity at the lateral vents of the 
late 1800s at Vesuvius.    
 
The similarity in the range of durations at summit and lateral vents, in contrast to the 
small range of short durations found at flank vents suggests a change in feeding 
mechanism between the vents.   This may indicate high ascent rates supplying flank vents 
and magma batches ascending at varying rates through the central conduit feeding the 
higher-altitude vents, with corresponding changes in output rate.    
 
Overall, the duration shows a better relationship with many other flow-field 
characteristics than the calculated effusion rate.   As a function of output rate, the 
shortest durations are associated with the highest output rates.  Although the output rate 
cannot be calculated for many of the flow-fields at Vesuvius without further thickness 
data, based on the activity styles and observed relationship between mean output rate 
and duration, a long duration may be held equivalent to a low output rate.  Therefore the 
characteristics of long-duration flow-fields may be expected in low output rate eruptions.  
 
Summary 
In summary, two flow-field morphologies are identified at Vesuvius:  Long, relatively 
narrow low volume simple flow-fields formed over short durations, at high mean output 
rates.  Shorter, wider high volume compound flow-fields comprising piles of pahoehoe 
flow units formed over long durations, at low mean output rates.  Flow length is crucial to 
hazard assessment, and this is strongly governed by the effusion and cooling rate, as with 
increased effusion rate (here the MOR) more heat is given to the flow allowing greater 
lengthening before cooling increases the yield strength bringing the flow front to a halt.  
Once at this maximum length, continued eruption at lower effusion rates leads to the 
thicknening of the flow and increased complexity with branches able to develop in the 
medial zone.  The short compound flow-fields develop as the slow effusion rate provides 
little heat to the small-volume pahoehoe flow units, which therefore cool rapidly and do 
not extend far.  These flow-fields undergo thickening as additional flow units are 
produced at the vents.  
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8.4 Future work 
The work of this thesis analysing the effusive activity and vent development can be 
expanded upon.  There is significant scope for further analogue experiments which would 
benefit our understanding of dyke movement in the Somma-Vesuvius edifice, including 
incorporating regional stresses through the introduction of a moveable base plate, 
introduction of discontinuities to the gelatine, and modelling of different dyke angles, as 
well as scaling the injection volumes and rates to mimic different eruption conditions.   
Given the recognised principal development of horizontal dykes within the upper edifice, 
experiments of particular relevance would be modelling horizontal dyke development 
from the central conduit, and behaviour within the gravitationally controlled cone.  
Horizontal development should also be studied with the introduction of an open/closed 
central conduit, filling a fracture through the summit with a less or more dense material 
to observe the behaviour of dyke ascent with the variation in conduit conditions.   
Further work to locate solidified dykes across the edifice would be advantageous to 
determine principal areas and angles of injection, and further study of the submarine 
features to confirm their identification is imperative.  If possible the vents of Camaldoli, 
Vigna, S.Giovanni, Pollena, Severino and Strocchioni should be dated to further identify 
temporal patterns in flank vent development. 
The identification of volcano analogues showing similar form and behaviour to Somma-
Vesuvius would also be beneficial, to determine common characteristics between 
volcanoes.  
The lack of thickness data for most of the flow-fields prevents much analysis of the 
volume and output rates at Vesuvius, so further field studies should aim to identify flow 
thickness data.  This may be supplemented by further analysis of historic literature and 
field notebooks of those who have previously undertaken fieldwork here.  Further 
understanding of the emplacement of long flow-fields would also be advantageous to 
hazard assessment.   
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8.5 Discussion and Relevance to the Study of Hazard and Risk 
The historic eruptive period of 1631 to 1944 at Somma-Vesuvius has been studied here to 
identify patterns of behaviour and common characteristics of effusive activity.  It is 
unknown precisely what future activity will entail, or when it will commence, so a 
thorough understanding of past activity is vital to forecasting potential behaviour.  
Statistical analyses undertaken by several authors (see Chapter 1) indicate that a sub-
Plinian 1631-style eruption could be expected this century.  Borgia et al. (2005) infer that 
Plinian eruptions are increasingly unlikely at Vesuvius due to the spreading of the edifice 
and extension of the summit.  They suggest that this should result in more effusive fissure 
eruptions, with, as Borgia and Van Wyk de Vries (2003) discuss at Concepción, 
decompression of the feeding system permitting the ascent of more mafic magmas.  
Activity subsequent to an opening sub-Plinian eruption would probably consist of 
eruptions of lower VEI as discussed in Palumbo (1999) with behaviour like that seen 
between 1631 and 1944.  The current repose period is comparable to that which 
Guidoboni and Boschi (2006) identify before 1631, giving weight to the probability of 
similar activity should a new eruptive phase begin in the next few decades.  This is further 
supported by the similarities found between the historic activity and the earlier medieval 
eruptive phase, with both being similar durations and comprising semi-persistent low 
explosivity activity producing multiple extensive lava flows.  The findings of this research 
therefore provide valuable information for hazard assessment and the development of 
emergency plans and mitigation measures for potential future activity. 
 
As Vesuvius has been undergoing spreading for 3.6ka (Borgia et al., 2005), it is clear that 
large explosive eruptions are not impossible at the spreading edifice, with several sub-
Plinian and two Plinian events in this time.  Plinian eruptions are therefore not ruled out 
for future activity, but based on the proposition of Borgia et al. (2005) and the reduced 
recurrence rate of such events in the 3rd stage (Cioni et al., 1999), interplinian activity is 
more probable.   
 
Flank and lateral eruptions 
Studying the eruptive history of 1631-1944 has shown that this was a period dominated 
by semi-persistent effusive and mild Strombolian activity, principally at the summit crater, 
but also from lateral vents within the caldera and flank vents outside of the caldera.  The 
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1631 flank eruption opened the conduit at the beginning of the eruptive phase (Barberi et 
al., 2008), and three further flank eruptions occurred with a recurrence period of tens of 
years (1760, 1794, 1861).  Lateral vents formed more frequently, with a mean interval 
between such openings of 4.5 years.  Lateral and flank eruptions place the vent closer to 
centres of population, resulting in the faster emplacement of eruptive products, including 
lava flows, within inhabited areas.  The short recurrence interval between such eruptions 
necessitates factoring the development of these vents and their associated products into 
hazard assessments.    
 
Distances susceptible to vent formation 
Flank vents are documented during historic and medieval times, with further undated 
flank vents believed to be pre-AD79 in age.  Although the subject of this research is the 
historic activity, these older vents have been included to better our understanding of 
their distribution.  From this dataset the most distal subaerial flank vent is identified as 
Strocchioni, at 7.5km from the crater.  The lowest, Bosco del Monaco, occurred at 50m 
a.s.l.  Milia et al. (1998) conducted a comprehensive survey of the Bay of Naples and 
found numerous submarine features to a distance of about 12km from the crater.  These 
distances can be used to broadly define a zone outside of which the chance of flank vent 
formation is negligible.  This zone covers a large, heavily urbanised area so it would be 
advantageous to further restrict the probabilities of vent formation.  Subaerial flank vents 
opened at a mean distance of 4.2km and mean height of ~300m a.s.l., placing these on 
average, in now populated areas.  During the post-1631 activity subaerial flank vents 
were restricted to a zone at 1.5-3.6km distance, between 210 and 700m a.s.l.  Further 
submarine involvement has been identified through this research, linking the 
contemporary descriptions of the boiling of the sea during the 1861 flank eruption with a 
pit crater discovered by Milia et al. (1998) at 8.1km distance and 40m b.s.l.  Incorporating 
the lateral vents into the analysis shows that nearly half of all non-summit vents formed 
within 2km of the summit crater, and, in confirmation of the observation made by 
Acocella et al. (2006), shows an exponential decrease in the number of lateral and flank 
vents with increasing distance from the summit.  Based on the maximum distance of the 
post-1631 vents Acocella et al. (2006) determine that there is almost no chance of vents 
forming beyond 5km.  The inclusion of the 1861 submarine vent would however suggest 
that areas as far as the coastline and beyond are at risk.  The distance of this vent also 
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places the outskirts of Naples within the radius within which historic vents have 
developed.  Furthermore, with 6 out of 16 flank eruptive sites (including pre-1631 activity 
and counting the two 1631 fissures, Viulo and Fossamonaca as individual features), 38% 
of the flank vents formed reaching distances of ≥5km, suggesting that while there is a low 
probability of vents beyond this distance, it is one that must be considered. 
 
Zones of vent formation 
Lateral vents formed in all sectors of the caldera, although dominantly to the NW and SE.  
The known flank vents are not as widespread or equally dispersed across the edifice, with 
clusters becoming apparent through the mapping of the historic and earlier flank 
features.  These clusters have been used in this research to propose fracture zones, which 
can be considered similar to rift zones of other volcanoes.  The northern fracture zones 
NEFZ and NWFZ only contain pre-1631 vents, and are loosely defined based on few vents.  
No eruptive fissures formed in the Somma walls to the north post-1631, and Acocella et 
al. (2009) identify that most dykes in the Somma scarp were emplaced between 22 and 
39ka.  Acocella et al. (2006) propose that a discontinuity arising from caldera formation 
prevents dyke movement to the north.  The northern half of the edifice is therefore 
largely considered as immune to the effects of lava flows, however with the known past 
occurrence of vents in the NEFZ and NWFZ, and the ability of vertical dykes to erupt here 
demonstrated through analogue modelling indicates that this zone may be susceptible to 
flank vent formation.  Indeed, Bianco et al. (1998) and Borgia et al. (2005) identify new 
fractures in the Somma edifice indicating that tectonic or gravitational stresses are acting 
to fracture this zone.  With continued fracturing, perhaps through the spreading of the 
edifice as in Borgia et al. (2005), pathways may open and magma migration and eruptive 
fissure formation may be enabled in this historically inactive zone through both vertical 
and horizontal injection. 
   
Medieval and historic flank vents only formed in the southwards facing collapse zone, in 
the more clearly defined SFZ and WFZ, with the 1861 submarine feature in an extension 
of the WFZ.  The restriction of all flank vents to this area for at least the last 2000 years 
gives a strong indication that if activity continues as it has during this time, then flank 
eruptions could be expected to occur in the historically active SFZ and WFZ.  Activity in 
the SFZ and WFZ occurred at mean heights of 240 and 405m a.s.l. and mean distances of 
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4.1 and 3km respectively.  With the growing population in the region, these distances are 
now built within, and densely inhabited areas are short distances downslope.  Analogue 
modelling has shown that vertical injection within a gravitational stress regime favours 
eruption across the south, indicating that areas between the SFZ and WFZ may also be 
susceptible to vent formation.   
 
Takada (1997) identified a cyclic pattern to the location of vent development at many 
volcanoes, with repeated intrusion into one area prevented through the compressional 
forces of the first dyke.  This cyclicity is difficult to observe with the few vents at Somma-
Vesuvius, and has not been seen in the post-1631 flank activity where the 1794 and 1861 
fissures developed in close proximity to each other.  The 67 year gap between these 
eruptions could have allowed the relaxation of stresses in this zone, permitting repeated 
intrusion.  The observation of Takada (1997) should be considered if new flank sites open 
with a view to identifying cyclicity if present and potential future eruption sites.  The 
restriction of the historic vents to the south is probably related to the collapse feature 
here, which has resulted in a reduction of the thickness of the volcanic pile in this area, 
the ability to slump towards the south which has been identified by Borgia et al. (2005) 
and the buttressing of the edifice to the north by the Somma remnants.  With no 
substantial change in the edifice morphology, the trend of vent formation in the south 
should continue.     
 
Eruptive activity 
It has been recognised that multiple vents were frequently active concurrently during the 
period 1631-1944.  The summit was simultaneously active in 95% of lateral and flank vent 
eruptions, demonstrating that an open conduit to the summit does not preclude the 
formation of low altitude vents.  Several lateral fissures were also simultaneously active 
at times.  This is similar to activity observed at Etna, where in the 2001 eruption seven 
fissures were active on different flanks (Behncke and Neri, 2003b), fed by horizontal and 
vertical dykes (Behncke and Neri, 2003b, Acocella and Neri, 2003).  From this, Acocella 
and Neri (2003) show that even with an active, open central system, true eccentric (i.e. 
independent of the central conduit) vents were able to form. 
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Largely degassed magmas drained through the lateral fissures, as the gas primarily 
escaped vertically through the summit, in the same manner described by Walker (1973a) 
during the 1971 eruption of Etna.  Activity at the lower altitude flank vents was more 
explosive, suggesting the eruption of more gas-rich magmas here in turn indicating either 
the prevention of gas-escape via the central conduit through a blockage, the fast ascent 
of magmas or influxes of fresh magma batches.  The flank vents hosted dominantly 
effusive activity with lava and spatter production and minor tephra fall.  Intense explosive 
activity occurred at the 1631 and 1861 fissures, and some explosive activity was typical of 
the upper vents on the fissures.  The lower vents on the same fissures were more strictly 
effusive, in the same way as described at Etna by Wadge (1977).  Federico et al. (2002) 
described water circulation across the Vesuvian edifice and found the highest 
transmissivity on the south flank.  If further flank eruptions occur here then this should 
also be factored into hazard assessments, as dyke injection could generate 
phreatomagmatic events with ballistics and tephra fall, as seen in the 2001 eruption of 
Etna (described in Behncke and Neri (2003b)).   
  
A typical sequence of activity has been recognised at Vesuvius, comprising the slow filling 
of the crater through effusive and mild Strombolian eruptions, followed by an increase in 
eruption intensity and the opening of lateral or flank vents with effusion of lava flows, 
with the subsequent explosive paroxysm at the summit followed by minor Vulcanian 
bursts with the collapse of the crater floor and a period of quiescence.  The prevalence of 
the paroxysms at the summit crater is in agreement with Pinel and Jaupart (2004) who 
identify that high magma supply rates increase magma overpressure and vertical 
extension, hence favouring ascent through the central conduit.  The most extensive, low 
volume lava flows were produced immediately prior to the explosive phase in many 
eruptions.  Borgia et al. (2005) suggest that future fissure eruptions will be preceded by 
“moderate explosive phases” however, based on this recognised sequence of activity at 
Vesuvius, future fissure formation can be expected to be preceded by periods of 
persistent effusive and weak Strombolian activity, with an explosive phase following vent 
opening.  Such a sequence of activity has been identified as occurring at Stromboli, with 
the most recent activity consisting of lava effusion followed by paroxysms (Calvari et al., 
2011).   
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Crater filling 
In this research we have identified a relationship between the filling of the summit crater 
and the development of flank and lateral vents.  The crater underwent filling prior to the 
1631 fissure formation and paroxysm, with the nature of the crater filling variably 
interpreted by a number of authors.  Based on the contemporary descriptions and the 
elimination of the other theories here we ascribe this fill to the effusion of intracrateric 
lavas.  This indicates that there was a period of low-VEI activity prior to the large 
“opening” eruption.  The true nature of the 1631 eruption is critical, as it is the activity in 
this eruption that are taken as the probable maximum hazards posed in the short to mid-
term (Barberi et al., 2008).  The 1760, 1794 and 1861 flank vents formed subsequent to 
persistent effusive and weak Strombolian summit activity which also resulted in a filled 
crater.  It is determined here that 80% of lateral and flank vent openings occurred when 
the crater was largely or completely infilled with eruptive products, including at times an 
active intracrateric conelet which extended above the crater rim.  Similar activity has 
been observed at other volcanoes.  For example, flank eruptions at Etna followed months 
of Strombolian activity at the summit (Wadge, 1977, Acocella and Neri, 2003, Behncke 
and Neri, 2003b).  Wadge (1977) describe the filling of the ‘Chasm’ within the crater at 
Etna and explains that when full it reaches a critical state where failure is probable, with 
resulting flank eruptions from horizontal dykes.  The crater can 1000m depth at Etna, 
which Wadge (1977) explains then acts as a reservoir for flank eruptions.  The crater at 
Vesuvius varied in size considerably over the historic period, with a similar depth 
described with the crater excavation by the sub-Plinian 1631 eruption.  After this the 
crater was more commonly around 250m deep.  
 
Vent opening 
Calvari et al. (2011) describe the occurrence of flank vents after summit activity at 
Stromboli, and identified that summit activity ceased with fissure formation.  Lirer et al. 
(2005) comment on how the change in intensity of summit activity appeared balanced by 
the effusive activity at the lateral fractures at Vesuvius.  Acocella and Neri (2003) and 
references therein explain such reduction or cessation in summit activity as occurring as 
dykes move the magma away from the summit crater.  Indeed, the formation of the vents 
drains the magma column above the height of the vent (Wadge, 1977) and such magma 
withdrawal from beneath the crater leads to the frequently reported subsidence of the 
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crater floor and the subsequent partial blocking of the central conduit evidenced by 
sporadic vulcanian bursts at the summit during flank activity.  A similar observation is 
made at Kilauea, where summit activity does not result in measurable subsidence, but 
magma drainage away from the summit leads to collapse (Lipman et al., 1985). 
 
The presence of persistent summit activity with a full summit crater indicates the height 
of the magma column within the edifice.  With a full head of magma, Scandone et al. 
(2008) explain that continued magma ascent increases the pressure through the magma 
column which fractures the conduit walls if there is a blockage in the conduit, and flank or 
lateral vents develop.  This blockage occurs with the filling of the crater during persistent 
activity, with the upper conduit filling with mushy, degassed magmas.  This is recognised 
at Stromboli, where such a blockage occurs as plugs comprising solid rock and highly 
porphyritic dense lavas form during Strombolian summit activity, leading to the 
development of sub-terminal and lateral fissures (Calvari et al., 2011).   
 
Figure 8-15: The affect of a full crater on the ascent of magma and the formation of horizontally 
propagating dykes and lateral or flank fissures.  
The full crater would have acted to load the edifice, with the upper Gran Cono being 
comparably weak and unconsolidated allowing for the formation of zones of weakness for 
preferential dyke propagation away from the conduit (Figure 8-15).  The location of the 
lateral and flank fissures is controlled by the location of the blockage within the conduit 
and the subsequent failing of the conduit wall (Wadge, 1977) which occurs when the 
compressive stress exerted by the blockage is greater than the magma pressure, which 
exceeds the strength of the conduit walls.  The SFZ and WFZ represent the direction of 
these weak zones, indicating conduit failure is common to the south and west at 
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Vesuvius. Further analogue modelling of this system would be beneficial to fully 
determine the effect of a blockage on the ascending magmas. 
 
Paroxysm 
The Vesuvian paroxysms are explained by Johnston-Lavis (1891) as resulting from the 
depressurisation of the volatile-rich magma below the height of the vents induced by the 
draining of the magma column through these vents.  Calvari et al. (2011) explain for 
Stromboli that the decompression of the magmas after lateral vent opening results in 
exsolution of the volatiles and the subsequent rapid ascent of buoyant magmas, as well 
as inducing the fragmentation of the magmas.  The induction of rapid ascent accounts for 
the increased output rate observed in the flank lavas at Vesuvius, and also explains the 
less evolved nature of these lavas.   
Calvari et al. (2011) investigated the 2003 and 2007 eruptions of Stromboli and found that 
the decompression of the magma column can be a slow process, occurring as a critical 
volume of lava is erupted over days to weeks, during which time less porphyritic magmas 
ascend to replace the erupted highly porphyritic magmas.  These highly porphyritic, 
mushy magmas are those that form during persistent activity (Scandone et al., 2008) with 
the continual convection and degassing of magmas in the upper feeding system, as 
discussed in Locke et al. (2003).  These lavas commonly filled the crater and overflowed 
onto the upper cone at Vesuvius, but were destroyed during subsequent activity.  The 
lateral-vent fed compound piles of the late 1800s represent this persistent activity, and 
the study of these lavas shows evidence of crystal settling and slow ascent or stalling in 
the upper conduit.  This is demonstrated through the absence of leucite crystals at flank 
vents and increased leucite in the compound pile-formations (as discussed in Belkin et al. 
(1993) and Kilburn and McGuire (2001)).  With a threshold volume of lava effusion 
identified at Stromboli prior to paroxysm, Calvari et al. (2011) suggest that eruption rate 
must exceed the crystallisation rate in the volatile rich magmas ascending from the 
intermediate-depth reservoir to prevent the normal Strombolian activity.  They go on to 
state that the observation of the effusion rate and calculation of erupted lava volume in 
future activity should allow forecasts of the occurrence of the explosive events (at 
Stromboli).  With the lack of data regarding effusion rates and volumes at Vesuvius, 
although a similar system is probably present, the critical volume erupted during effusive 
activity prior to explosive paroxysms cannot be determined until.  Despite the current 
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inability to determine the critical lava volume at Vesuvius it is important to recognise that 
this activity occurred here during 1631 to 1944, and may continue to occur during 
renewed activity.  Crucial monitoring of the volumes and effusion rates of the 
intracrateric lavas must be undertaken upon the onset of the new eruptive period to 
determine the critical volume, which can then be used for hazard forecasting, though as 
Calvari et al. (2011) explains, this will not be applicable to all explosive events, and the 
critical volume will change as the feeding system changes.   
 
Quiescence 
As at Etna, where the flank events preceded repose periods (Wadge, 1977, Behncke and 
Neri, 2003b), the Vesuvian flank eruptions and their associated summit paroxysms were 
also frequently followed by quiescence (Scandone et al., 1993).  This period of quiescence 
is required to recharge the high level plumbing system, which emptied during the 
paroxysms.  The persistent activity that occurs following the quiescence represents the 
slow ascent of magmas, degassing in an open conduit system, refilling the upper feeding 
system.  Wadge (1977) identified a linear relationship between the duration of repose 
and flank eruption volume at Etna.  We do not produce the same linear relationship with 
the data for Vesuvius, however this may be a function of the limited volume data 
available.   
 
High level plumbing 
Overall the sequence of activity seen throughout the period 1631-1944 allows an 
observation of the high level plumbing system feeding the activity of Vesuvius.  
Throughout much of the period magma was probably present high in the edifice, with the 
persistent summit activity indicating the top of the magma column.  The blockage of the 
conduit through intracrateric filling resulted in the increase in pressure within the 
conduit, inducing fracturing.  This occurred primarily to the south and west with flank 
vents opening in the SFZ and WFZ on the unbuttressed, slumping southern edifice, whilst 
lateral vents were able to form in a more widespread distribution within the caldera due 
to the unconsolidated nature of the upper cone.  The magma column above the height of 
the vents drained frequently feeding extensive lava flows.  The crater volumes indicate 
that the column height above the flank vents could be sufficient to independently 
account for the lava effusion here, whilst the higher level lateral and summit vents would 
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probably have required magma input during eruption.  The drainage of a critical volume 
of magma induced depressurisation within the conduit and induced the rapid ascent of 
magmas and paroxysm.  Subsequent to this, the drop in the hydrostatic head and the 
emptying of the upper feeding system brought periods of repose.  Magma probably re-
entered the upper edifice during repose, and was again seen at the summit in persistent 
activity.  This recharge of the upper feeding system, as indicated prior to the 1631 
eruption could be expected after periods of repose short enough to prevent complete 
solidification of the magma in dykes and shallow reservoirs, and could provide a window 
of minor activity forewarning the probable onset of more explosive activity in the future.   
 
Lava flow-fields 
A minimum total area of 67km2 was covered with lavas during 1631–1944; this includes 
areas which were repeatedly inundated with flows, superimposed atop each other, 
particularly relevant on the upper slopes.  An area of this size demonstrates the need to 
understand the lava flow inundation hazard.  This can be explored through a cumulative 
graph showing the area inundated by lavas over the historic period (Graph 8-8).  With the 
uncertain eruption volumes the area inundated can be used as a proxy for volume to 
enable observations incremental changes in activity.   
 
Graph 8-8: Cumulative area inundated with lavas during the last eruptive period. Red line is for all 
lavas including wholly inferred (assumed) flows. Purple shows the area of the main lava flow fields 
of each eruption. 
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Both the more accurate flow-field areas and the assumed flow areas are shown in Graph 
8-8 as it is important to recognise all the lava flow activity.  These are accounted for 
through extrapolation of mapped lava flows and by assigning assumed areas to those 
previously unmapped.  This allows a cumulative area for the entire eruptive period to be 
determined and permits a reasonable illustration of the area inundated with time.  The 
period after the 1631 eruption during which lavas were restricted to the crater is obvious, 
with external flows beginning in 1694.  After this, there was a reasonably steady increase 
in area with time, averaging at 0.39km2 per year.  The graph illustrates that the area 
increase was not uniform with time, but has intermittent steps of increased area 
inundation, with the greatest area coverage in 1822 and 1872, and two periods of more 
rapid area inundation from 1712-1724 (average 0.57km2/year) and 1751-1770 (average 
0.76km2/year), with a more uniform increase after this.  A shallow increase is prominent 
after the 1872 eruption up to the 1906 eruption, during which an average area of 
0.18km2/year was inundated.  The absence of prominent clusters or peaks in the area 
with time is reflective of the semi-persistent activity during the 1631-1944 period, and is 
indicative of open-conduit conditions in which the magma is able to ascend in a relatively 
uniform manner from the shallow feeding system, despite the identified occurrence of 
persistent activity and paroxysms.   
 
Lava flows developed with different morphologies throughout the last eruptive period, 
but the two principal flow morphologies of simple and compound are identified.  The 
association between these and eruption style and duration, should permit an element of 
forecasting of lava flow behaviour at the onset of activity.  As Kilburn and Lopes (1988) 
discuss in their identification of the two flow populations at Etna, with the classification of 
paroxysmal or persistent activity, it is possible to infer a future flow-field form, the 
extension and spreading and mitigate as necessary.  Further to this, the determination of 
the flow-field dimensions permits a better understanding of what future flows may entail.   
 
Approximately one third of all the lava flow-fields (excluding the short overflows 
restricted to the upper cone which occurred in ~20% of eruptions) are found to reach 
lengths beyond 5.34km, which, regardless of vent location or topography, would extend 
onto the populated lower slopes.  Topography is favourable in the southern half of the 
edifice for flows issued here to progress directly into the inhabited districts.  Flow-fields 
 
379 
under this length may also affect the densely populated slopes depending on their origin; 
for example the 1861 lava flow was short at 2.48km, but was effused from a flank vent at 
330m a.s.l. on the south flank at over 3km from the centre of the crater.  57% of flow-
fields reached beyond 4km from the crater, and with an average length of >4km much of 
the densely populated lower flanks will be reached if similar flows are effused in the 
future.   
 
A mean length of 4.2km and area of 3.2km2 in flank vent flows demonstrates that lavas 
from these vents, found with a mean height of 300m a.s.l. are a significant hazard to the 
lower populated slopes.  Only short-duration emission of lavas occurred at these vents 
post-1631, however with the unbuttressed nature of the S flanks there is the potential for 
the slow effusion of compound flow-fields similar to those of the late 1800s.  This is 
recognised as Wadge (1981), (1994) identified that high volume, low eruption rate, long 
duration compound flow-fields formed from vents near the Valle del Bove at Etna, and 
Wadge et al. (1994) state that Borgia et al. (1992) explains the collapse feature leads to 
the flank being unbuttressed, and this allows ascent and eruption of magmas at low 
pressure. 
 
Wadge (1977) and Kilburn and Lopes (1988) identified two effusion styles at Etna, 
analogous with those described in this research at Vesuvius, with low volume high 
effusion rate eruptions and less common high volume low effusion rate effusions.  The 
similarity in the range of durations found at summit and lateral vents, in contrast to the 
range of short durations at flank vents indicates a change in the feeding mechanism.  
Higher ascent rates feed the flank vents, and magma batches ascending at varying rates 
through the central conduit feeding the summit and lateral vents.  The output rate at the 
vents has a similar relationship, being a function of duration.  The two flow morphologies 
can be explained through the high level plumbing system, with the slowly ascending, 
degassed magmas producing compound flow-fields effused over long durations in quiet 
eruptions occurring as the upper feeding system is recharged.  The faster magma batches, 
emitted in short duration effusions feeding simple flow-fields resulted from increased 
pressure within the conduit and the onset of depressurisation of the magmas.    
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Future activity 
Upon renewed activity, past activity suggests there are several factors that should be 
monitored.  The observed association between the filling of the crater and development 
of lateral and flank vents permits the forecast of such vents and subsequent paroxysms (a 
full crater could be taken as a proxy for the threshold volume described by Calvari et al. 
(2011) until this is better identified).  The dominant formation of flank vents to the south 
coupled with the high population density suggests that monitoring should be focussed 
here to detect dyke development. 
   
With the newly determined flow-field dimensions and common vent locations, models 
such as DOWNFLOW (Favalli et al., 2005) can be used at the onset of eruption with the 
known topography and vent location to identify potential flow paths.  In this model, 
Favalli et al. (2005) investigate the Etnean lavas, and use the mean flow length of lavas 
from vents of particular heights to determine the maximum path length.  Such models 
will be of particular use after the opening eruption, if activity continues in a similar 
manner to post-1631 activity as Palumbo (1999) indicates is a likely scenario with lower 
magnitude eruptions following large opening events.  Based on the timings of the lava 
flows, emergency plans may be developed and executed to evacuate areas downslope of 
lava effusions, with lava flows taking days in some instances to reach their full extent.  It 
should be recognised however, that some flow-fields reached their full extent and the 
coastal towns within a matter of hours, making emergency management in such a 
densely populated area all the more vital, but also more difficult.  Plans for mitigating the 
lava flow hazard should therefore be executable within 24 hours.   
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8.6 Conclusions 
From an analysis and reconstruction of eruptions at Vesuvius during 1631-1944, this study 
has identified the following key characteristics for the distribution of vents and for the 
emplacement of lava flow fields. 
 
Distribution of lateral and flank vents 
 
- 51 eruptions were fed from vents away from the summit, 47 as lateral events and 
4 as flank events. The formation of lateral and flank vents have thus been an 
important component of recent Vesuvian activity and are vital to account for 
during lava flow hazard assessment, management and mitigation.      
- Rift or fracture zones have been delineated to constrain the areas susceptible to 
flank vent formation. These zones encompass the 15 recognised subaerial flank 
vents in the flanks of Somma-Vesuvius.  All medieval and post-1631 vents were 
restricted to the South Fracture Zone and West Fracture Zone (in which 40% and 
27% of the total flank vents fall respectively).   In addition to these, the submarine 
pit crater found by Milia et al. (1998) offshore of Torre del Greco is here correlated 
with the 1861 flank eruption. 
- The development of a dominant trend ~NE-SW in the analogue models indicates 
that features following this trend have a gravitational component.  This contrasts 
with the prevailing interpretation that this alignment observed in some features is 
a regional structure (Bianco et al., 1998).   
- Analogue models suggest that the load of the Somma-Vesuvius edifice favours the 
intrusion of vertical dykes across the entire volcano, but with the least amount of 
dyke stalling in the south.   
- 80% of lateral and flank eruptions occurred when the crater was completely or 
largely infilled (with all of the flank vents forming when the crater was full).   
 
Emplacement characteristics of lava flow-fields 
 
- Vesuvius’ historical flow-fields are predominantly a’a. They have mean and 
maximum lengths of 4.1 and 7.65 km. 57% affected distances more than 4km from 
the crater, which is the approximate distance at which the area becomes densely 
 
382 
populated. Similar mean flow-field lengths were present at all vent locations, but 
the longest flows were fed from summit and lateral vents.  A decreasing flow-field 
length with decreasing flank vent height is determined, however this relationship 
does not extend to include lateral and summit flow-fields. 
- Flow-fields had length-to-width (L:W) ratios between 5 and 36. Those from flank 
vents had on average the shortest durations (<8 days), and the lowest L:W ratio 
(9.5), and the highest mean area of 3.2km2.  The short durations yield the highest 
mean output rates for these eruptions.  
- 73% of flow-fields were active for ≤31 days, and 35% for ≤7 days. These effusions 
occurred across the volcano and produced simple flow-fields with high L:W ratios 
(8-36) and low volumes (<50x106m3).   
- 21% of flow-fields were active for ≥100 days. These eruptions included the 
effusion of thick piles of pahoehoe flow units from lateral and summit vents, 
forming compound flow-fields of low L:W ratio (5-7) and high volume 
(>50x106m3), at mean output rates (<3m3/s) much lower than those for simple 
flow-fields. 
 
The distribution of lateral and flank vents suggests that their locations have been 
influenced both by a regional structural control and the gravitational load due to the size 
and shape of the volcanic edifice. Such eruptions in the future can be expected primarily 
in the southern and western sectors of the volcano, with an associated increase in risk of 
inundation by lava flow-fields in these areas.  In addition, their association with the 
infilling of the central crater can be coupled with the recognised occurrence of 3 days of 
precursory seismicity to improve forecasts of lateral and flank vent eruptions. The 
emplacement features of flow-fields indicate that, although a’a lavas are most common, 
pahoehoe flows are favoured when effusion rates are very low. More than one-third of 
the flow-fields were emplaced within days. Strategies for mitigating the impact of lava 
eruptions should therefore include responses that can be initiated within 24 hours or less. 
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 Note: North is to the top of all maps provided here.  
1631 
1631 
Dates in Scandone et al. (1993): 
15/12/1631 - 02/01/1632: Active*  
 
* The crater was viewd on 10/11/1631 and found two weeks later to be “filled to the 
brim with ash and stones, so that he could walk across the crater from one rim to the 
other” (Scarth, 2009).  This is discussed in a number of texts, originating from Braccini 
(1632), such as Lobley (1868), Phillips (1869), Alfano and Friedlaender (1929).  These 
descriptions suggest effusive activity prior to the main eruption, so the start date could 
be considered at least two weeks prior to that normally accepted.  This crater filling is 
further discussed in Chapter 3.   
 
Before the eruption the crater is described by Braccini (1632) in Phillips (1869) as “five 
miles in circumference, and about a thousand paces deep” (8000m circumference, 
1600m deep, or 2000m circumference and 1600m depth in Lirer et al. (2005)) 
indicating a voluminous crater which filled rapidly prior to the explosive phase.   Using 
the volume of a paraboloid equation of ½ πr2 x depth the volume is 238.7x106m3, 
which filled in approximately 15 days, providing an effusion rate of 184m3/s.  Activity 
seems to have continued until mid-December, however the crater is categorically 
described as full after 15 days. 
 
Ground uplift began in early December, water-level changes andrumbling from 
10/12/1631 particularly heard to the west occurred (Lirer et al., 2005, Scarth, 2009).  
Intracrateric lavas are not described per se, however on 15/12 Braccini (1632) in Lirer 
et al. (2005) describes a “star of extraordinary size” above the crater and later a “beam 
of fire” which may be interpreted as reflecting intracrateric lavas and fountain/spatter 
emission.   
 
In the morning of 15/12/1631 frequent earthquakes began and small explosions 
occurred at “adventitious” vents, with multiple vents and fractures being described 
with “stones” and “bituminous substances” (Lirer et al., 2005) indicating Strombolian 
activity and lavas. The main explosive phase took hold from the morning of 
1631 
16/12/1631 with the formation of an eruption cloud - starting with spatter and 
Strombolian explosions (Alfano and Friedlaender, 1929), soon  a very high eruption 
column to “more than 30 miles high” (Braccini, 1632 in Lirer et al. (2005)) or 21km 
(Scarth, 2009), with ash and possible lava fountains initially as described as “dark red in 
the middle” (of the column), forming a pine-shaped eruption cloud (Lobley, 1868, Lirer 
et al., 2005).  Scarth (2009) describes activity as beginning from two fissures, one on 
the southwestern flanks at about 700m a.s.l., with explosive activity here, whilst Alfano 
and Friedlaender (1929) describe these fissures as occurring after the onset of the 
explosive eruption column at the crater, explaining fractures formed between the west 
and south and on these fractures numerous explosive vents formed.  Lirer et al. (2005) 
supports the formation of the fractures after activity commenced at the summit, with 
the fractures described as forming from 11am of 16/12/1631 on the southern side of 
the base of the Gran Cono.   Phillips (1869), based on the map of Le Hon, describes the 
fissure from which the eruption began as being found to the west of the crater on the 
flanks of the cone, but indicates there is confusion as to whether lavas were produced 
from here or formed as overflows at the crater.  The lavas flowed into the Piano della 
Ginestra and threatened Torre del Greco, Torre Annunziata and Resina, reaching the 
coast at 13 locations over a distance (along the coast) of 7.5 miles (Phillips, 1869) 
(12km).  The lavas are described as having “rushed forward”, suggesting a rapid flow 
rate, whilst explosive activity produced ash clouds at the summit (Phillips, 1869).  
Lobley (1868) describes “no less than seven streams of lava”, with the lavas seen to be 
20 feet (6.1m) thick near Torre Annunziata, and found between Resina and Torre 
Annunziata at many locations.  These lavas appear to have been resupplied on 
17/12/1631 and are described shortly.  Seismic tremor followed fissure formation and 
from 2pm of 16/12 strong explosive activity occurred at the summit (Lirer et al., 2005).  
This explosive phase continued until 3am of 17/12, with a pause then renewed 
explosive activity from 7am (Lirer et al., 2005).  Lahars and tsunamis occurred (Alfano 
and Friedlaender, 1929, Lirer et al., 2005).  The crater is described with “rivers of 
sulfur, bitumen, alum...” (Santagata , 1881 in Lirer et al. (2005)) suggesting the 
presence of lava flows.  Between 10 and 11am lava flows were issued from the foot of 
the Gran Cono and at the fractures on the flanks, and travelled “with great speed”, 
covering six miles in two hours and entering the sea (Alfano and Friedlaender, 1929).  
The description of the speed of this flow, being at approximately 1.34m/s suggests that 
1631 
this could be nothing other than a lava flow, for both pyroclastic flows and lahars 
would be expected to move more rapidly.  Lirer et al. (2005) also describe lavas as 
forming from the fissures at 10am, and flowing at approximately 5km/hour (1.39m/s) 
which is similar to that as given by Alfano and Friedlaender (1929).  Numerous vents 
are described as forming on the fractures of the cone from which these lavas poured 
Lirer et al. (2005).  Alfano and Friedlaender (1929) and Lirer et al. (2005) describe how 
one lava flow occurred from a fissure to the southwest and branched into five flows to 
San Giorgio a Cremano, Portici, La Scala, Pugliano and into Torre del Greco, whilst the 
second flow occurred from the southern flanks of the cone and divided into three 
branches between Camaldoli and Torre Annunziata, with most flows ultimately 
reaching the sea.  These flows appear to have continued through the day, as it is stated 
in Alfano and Friedlaender (1929) that during the night “you could see in the distance 
(from Naples), the fiery stream, and the burning and smoking villages”.  Pyroclastic 
flows also occurred during 17/12/1631 with one “river of fire” described entering 
Torre del Greco and killing 2000 people (Lirer et al., 2005), which was likely a 
pyroclastic flow to result in this number of casualties.    
Activity continued through 18/12, but on 19/12 the eruption subsided and the cone 
was noted to be reduced in height (Alfano and Friedlaender, 1929).  Recovery 
operations and body burial are described on 20/12 in Alfano and Friedlaender (1929), 
suggesting activity was minimal.  Explosive activity resumed on 24/12 (Alfano and 
Friedlaender, 1929).  On 29/12/1631 new explosions occurred at the crater with 
corresponding agitation of the sea, and on 30/12/1631 an earthquake occurred and 
volcanic gases were produced that “penetrated as far as to Torre del Greco” (Alfano 
and Friedlaender, 1929).  It is unclear whether these gases were produced at the crater 
and moved downslope, or they were produced through a far-reaching fracture system. 
On 01/01/1632 explosions once again occurred at the crater, with further seismic 
activity on 02/01/1632 and then quiescence (Alfano and Friedlaender, 1929, Lirer et 
al., 2005).  
 
Lavas destroyed Boscotrecase, Torre Annunziata, Torre del Greco, Pugliano, Resina and 
Cassano (Alfano and Friedlaender, 1929).  Scarth (2009) suggests that the analysis of 
the deposits and available accounts shows that lavas were unlikely to have been 
produced during the 1631 eruption, see Chapter 3. 
1631 
 
Field outcrops show a’a lavas, at 5-6m thick.  The crater after the eruption was 5,043m 
in circumference (Lirer et al., 2005).  Scandone et al. (1993) gives a volume (explosive 
and effusive) for the eruption of ~0.2km3. 
 
 
Vent location: Summit and flank 
Vents in crater floor: - 
Lavas:  Intracrateric initially, then from flank vents and possibly the summit 
Activity: Initial phase of quiet activity, then Paroxysmal. Effusive to Sub-Plinian 
 
 
Figure 0-1: Lava flow map of 1631. Principally from Rosi et al. (1987) and extrapolated to the 
flank fissures. 
1685-1696 
 
1637 - 1660 
Dates in Scandone et al. (1993): 
03/01/1632 - 30/06/1637: Repose 
01/07/1637 - 27/11/1649: Active 
28/11/1649 - 10/03/1650: Active 
11/03/1650 - 31/12/1652: Active 
01/01/1653 - 24/02/1654: Repose 
25/02/1654 - 01/03/1654: Active 
02/03/1654 - 02/07/1660: Active 
 
During this period there were different intensities of ash and smoke emission and 
subsequent lahars, with no description of effusive events (Scandone et al., 1993) 
indicating principally minor explosive activity throughout.  Alfano and Friedlaender 
(1929) and Lirer et al. (2005) however describe events that can be construed as 
Strombolian activity beginning in 1637, with lava emission in the summit crater.  
Sorrentino (1734) describes three openings in the crater floor with quiet effusion of 
lavas.  Based on these reports this period was dominated by weak Strombolian events 
producing ash, scoria and intracrateric lava flows. Due to the depth of the crater, and 
the scarcity of contemporary reports, it is feasible that many more of the eruptions did 
involve lava effusion than are reported, as it is likely that only what could be seen 
above the crater rim would be documented.  
 
Using the figures from Lirer et al. (2005) the crater volume subsequent to the 1631 
eruption can be found and can be compared with the crater volume of 1659. This 
illustrates a large volume of eruptive material produced, with a low mean effusion rate 
using the total duration, suggesting compound pahoehoe intracrateric lavas: 
The original cone height is described as 60m higher than Somma, and Somma as being 
~1150m.  This gives the Vesuvian cone height after the eruption as ~1042m.  Based on 
the statement that the crater almost reaches sea level, it is estimated at 1000m depth.   
Post-1631: 
Crater circumference = 5043m.  Radius = 803m 
1685-1696 
 
Crater depth = “almost to the sea level” (supported by Figure 13 Kircher in Alfano and 
Friedlaender (1929) in image appendix) ~1000m 
Cone height = 168m lower than pre-1631 eruption, ~1042m 
Crater volume (volume of paraboloid) of ½ πr2xcrater depth = 1013x106m3 = 10x108m3 
1659 
Crater circumference = 3200m 
Crater depth = 400m 
1659 crater volume = 163x106m3 
 Crater infilled by 850x106m3 from 1637-1660. 
Vent location: Summit 
Vents in crater floor: 3 in 1637, effusive 
Lavas: Intracrateric 
Activity:  Persistent. Strombolian, effusive. 
 
Figure 0-2: Lava flow map of 1637-1660. Lavas were restricted to the summit crater. 
1685-1696 
 
1660 - 1682 
Dates in Scandone et al. (1993): 
03/07/1660 - 29/07/1660: Active 
30/07/1660 - 25/03/1680: Active 
26/03/1680 - 28/03/1680: Active 
29/03/1680 - 11/08/1682: Active* 
12/08/1682 - 22/08/1682: Active 
 
The eruption of July 1660 was the most intense since 1631, preceded by earthquakes 
in Ottaviano with three vents described within the crater showing Strombolian activity, 
and intense explosive activity generating a 4km (Lirer et al., 2005) high eruption cloud.  
Glowing avalanches are described (Scandone et al., 1993) on the cone which may be 
incandescent scoria or lava flows, and possible lavas are described (Lirer et al., 2005), 
however there is no clear description of lavas outside of the crater during this period.  
Scandone et al. (1993) state that the circumference of the cone is 4.75km in 1663, with 
Strombolian activity in 1670 (Sorrentino, 1734) and explosive activity in 1680.  
 
*Scandone et al. (1993) report March 1680 to August 1682 as a period of repose, 
however Strombolian activity is reported as ongoing in Lirer et al. (2005). As minor 
intracrateric activity is possible this is considered as an active period.   
 
An intense explosive eruption followed by Strombolian activity with lava reported 
within the crater occurred in August 1682, preceded by earthquakes and intense 
fumarolic activity (Lirer et al., 2005). 
 
Vent location: Summit 
Vents in crater floor: 3 (1660, Strombolian), 3 (1682, Strombolian-Vulcanian) 
Lavas: Intracrateric 
Activity: Persistent to intense. Strombolian and Vulcanian. 
 
1685-1696 
 
 
Figure 0-3: Lava flow map of 1660-1682. Lavas were restricted to the summit crater. 
 
 
 
  
1685-1696 
 
1685 - 1696 
Dates in Scandone et al. (1993): 
23/08/1682 - 02/10/1685: Repose* 
03/10/1685 - 10/10/1685: Active 
11/10/1685 - 08/12/1689: Active 
09/12/1689 - 16/12/1689: Active 
17/12/1689 - 12/04/1694: Active 
13/04/1694 - 29/04/1694: Active 
30/04/1694 - 30/07/1696: Repose* 
31/07/1696 - 14/08/1696: Active 
15/08/1696 - 14/08/1697: Repose 
 
*The period of repose from 1682 to 1685 as given by Scandone et al. (1993) is possibly 
incorrect as Figure 14, 15 (Image Appendix) shows an image by Bulifon (1693) in Alfano 
and Friedlaender (1929) with minor activity at the summit.  It is possible minor 
Strombolian activity was occurring during this supposed quiescent stage.   
 
Activity continued during this period in a similar way to previously, with ongoing 
principally Strombolian activity within the summit crater.  Scandone et al. (1993) 
report only ash and scoria through to 1689 however Lirer et al. (2005) report 
intracrateric lavas and pyroclastic deposits in 1685 which soon filled the crater, with a 
conelet which grew to a height that was visible from Naples. There are no reports of 
overflows despite the report that the crater had been filled. Weak Strombolian activity 
continued until December 1689, when the intensity increased, with spatter adding 
80m of height to the conelet (Lirer et al., 2005).  By 1690 the crater was filled with 
lavas and spatter from the Strombolian activity (Scandone et al., 1993, Lirer et al., 
2005).  The total volume produced during the period 1637 to the first overflow in 1694 
can be estimated as the volume has been calculated using the crater dimensions post-
1631.  Although described as filled in 1690, the assumption is that filling continued 
until 1694 with no previous overflows.  An estimate of the mean effusion rate is also 
permitted using the total duration of active periods, and this indicates that lavas 
almost certainly formed compound pahoehoe flow-fields:   
1685-1696 
 
 
Crater volume in 1632 = 1013x106m3  
Total active duration (minus repose periods) = 18360 days 
Average effusion rate 0.64m3/s. 
 
The eruption of 1694 was preceded by earthquakes and Strombolian to Vulcanian 
activity (Lirer et al., 2005) and represented an increase in the overall intensity of 
activity, with the first lava flow outside of the crater since 1631 with the now 
sufficiently raised crater floor. Prior to the onset of the effusive activity, Strombolian 
explosions led to conelet collapse and ash and lithics were produced.  On 13/04 a lava 
flow formed and reached the Salvatore, being reported as “5 palms high and 15 
wide”(Scandone et al., 1993) (1.25m x 3.75m) with two branches, one towards the 
Salvatore and the other San Georgio, lasting for 15 days in Phillips (1869) who also 
described the flow as 8 palms high in one area (2m).  The flows converged heading 
towards Mare di Pietrabianca, reaching San Georgio (Lirer et al., 2005).  The flow is 
described as almost reaching four miles to San Georgio in Lirer et al. (2005). The 
eruption came to an end with an intense explosive phase (Lirer et al., 2005), with 
change to the morphology of the crater.  The average effusion rate calculated using 
the total duration of active lavas indicates a pahoehoe flow. 
 
After a period of quiescence sulphur was noted on the conelet indicating imminent 
eruption (Phillips, 1869).  The presence of a conelet may in fact indicate that the 
repose period from 1694 was actually a period of low level summit activity*.  Activity 
proceeded in a similar way to the 1694 eruption, beginning with explosions and 
earthquakes (Scandone et al., 1993, Lirer et al., 2005) and then with an overflow onto 
the same path as the 1694 flow (Scandone et al., 1993, Lirer et al., 2005) which lasted 
for 10 days (Scandone et al., 1993).  Sorrentino (1734) in Lirer et al. (2005)reports 
pulses of lava in this time. The short interval between the eruption “starting” and the 
onset of the overflow suggests a shallow crater, again supporting the supposition that 
minor activity had occurred during the assigned repose period.  As with the 1694 
eruption, this event came to a close with an intense explosive activity (Lirer et al., 
2005). 
 
1685-1696 
 
Vent location: Summit 
Vents in crater floor:  
Lavas: Intracrateric and overflows  
Activity: Persistent to Intense. Strombolian and effusive.  
 
 
Figure 0-4: Lava flow map of 1685 to 1697.  The distal end of the 1694 flow is visible on Rosi et 
al. (1987). This is extrapolated and a standard overflow shown. The reconstruction by Lirer et 
al. (2005) suggests more extensive flows to the southwest but there does not appear to be the 
evidence for this. 
 
1698 
 
1697 
Dates in Scandone et al. (1993): 
15/08/1696 - 14/09/1697: Repose 
15/09/1697 - 09/01/1698: Active 
 
This was preceded by over a year of repose (Scandone et al., 1993), and began with 
seismic activity and summit activity, then on 18/09 three fractures of the cone (Phillips, 
1869, Scandone et al., 1993) to the southwest with a lava flow with apparent high 
fluidity that reached the base of the cone within four hours and stopped at about 1km 
from Torre del Greco (Lirer et al., 2005) on 26/09, with additional flows on 15/11, 
20/11 to the Fosso dei Cervi and Fosso Bianco, 26/11 and 30/11 (Scandone et al., 
1993).  The main flow to Torre del Greco appears to have been active for 8 days.  After 
the principal flow forming events there were a number ash producing explosions in the 
following months.  
 
Vent location: Lateral and summit 
Vents in crater floor: - 
Lavas: Flows from fractures of the cone 
Activity: Intense? Effusive, Vulcanian 
 
1698 
 
 
Figure 0-5: Lava flow map of 1697. Extrapolated to lateral fissures from the distal end shown 
on Rosi et al. (1987). 
 
  
1698 
 
1698 
Dates in Scandone et al. (1993): 
10/01/1698 - 18/05/1698: Active 
19/05/1698 - 15/07/1698: Active 
 
Between the intense eruption of 1697 and the eruption of 1698 was 128 days of gentle 
activity with smoking reported (Phillips, 1869, Scandone et al., 1993).   
 
Before this eruption on 14/05 there were five successive retreats of the sea in the Bay 
of Naples (Phillips, 1869, Scandone et al., 1993, Lirer et al., 2005), and the colour of the 
fumes changed before 19/05 when the “flames over the furnace mouths” (Phillips, 
1869) increased in intensity, and explosive and seismic activity gradually increased 
until 25/05 when a lava flow “rushed” towards Resina, spreading at the base of the 
cone and divided into two streams with one towards Resina and one the Fosso dei 
Cervi, which halted on the 28/5, to be followed by an overflow towards Torre del 
Greco where it halts 2km from the town on 2/6 (Phillips, 1869, Scandone et al., 1993, 
Lirer et al., 2005).  This lava flow filled the crater and arrived in Fosso Bianco on 30/5 at 
12.00, and arrived at Tagliapietra at midnight (Lirer et al., 2005).  Strombolian to 
Vulcanian activity continued with ash eruptions at the crater, with at least one 
extensive eruption column (Phillips, 1869). 
 
Vent location: Lateral and summit 
Vents in crater floor: 3 
Lavas: Flows from fractures of the cone 
Activity: Persistent then Paroxysmal. Effusive, weak Strombolian, then increased 
Strombolian/Vulcanian. 
 
1698 
 
 
Figure 0-6: Lava flow map of 1698. Flows inferred from the literature.  An area of 0.74km2 is 
shown inundated on this map, however Lirer et al. (2005) estimate an area of 0.035km2 was 
covered. 
 
 
  
1701 
 
1701 
Dates in Scandone et al. (1993): 
16/07/1698 - 30/06/1701: Repose* 
01/07/1701 - 15/07/1701: Active 
 
*The period of repose following the 1698 eruption was likely, at least in part, a period 
of minor summit activity comprising effusive to weak Strombolian activity.  This is 
considered because of the described presence of an intracrateric conelet at the 
beginning of the 1701 erution.  The repose is listed in Scandone et al. (1993) and 
supported by Sorrentino (1734) in Lirer et al. (2005), with quiescence reported after 
1698 in Auldjo.  However, Nazzaro (1985) in Lirer et al. (2005) states that there was 
probably ongoing minor activity.  
 
The 1701 eruption began on 1/7/1701 with an earthquake and Strombolian explosion 
with a pine-shaped cloud, and a fracture to the E (Phillips, 1869, Alfano and 
Friedlaender, 1929, Scandone et al., 1993, Lirer et al., 2005).  The literature is unclear 
on whether this was a fracture of the main cone or the intracrateric conelet, however 
it seems probable that it was a fracture at the base of the conelet, as on 2/7/1701 this 
emitted a lava overflow towards Ottaviano and Viulo (Scandone et al., 1993, Lirer et 
al., 2005).  Phillips (1869) and Lirer et al. (2005) describe the process of the overflow as 
it split into two, the larger branch into the Cognolo d’Ottaviano to the E, and the 
smaller branch towards Viulo, at 50 paces wide and 15 palms deep (3.75m).  There is 
some suggestion that the flows extended beyond the caldera rim.  The flows came to 
an end on 4/7/1701 according to Scandone et al. (1993) with ongoing pulses of 
Strombolian and seismic activity, increasing to Vulcanian until the 15/7/1701 Viulo 
(Scandone et al., 1993, Lirer et al., 2005), with the lava having ceased by the 15/7/1701 
(Auldjo, 1832). 
  
Vent location: Summit 
Vents in crater floor:  Not reported 
Lavas: Overflows 
Activity:  Persistent. Effusive to weak Strombolian, bursts of Vulcanian. 
1701 
 
 
Figure 0-7: Lava flow map of 1701. Standard overflows shown. 
 
  
1701 - 1707 
 
1701 - 1707 
Dates in Scandone et al. (1993): 
06/07/1701 - 18/05/1704: Active 
19/05/1704 - 23/05/1704: Active 
24/05/1704 - 19/07/1706: Repose* 
20/07/1706 - 28/07/1707: Active 
 
12/02/1703 Alfano and Friedlaender (1929) describe a Strombolian eruption with 
spatter and lava emission, otherwise the period between 1701 and May 1704 is merely 
described as active, suggesting low level effusive and weak Strombolian activity at the 
summit. 
 
In 1704 following a period of low level activity, smoke and fire were issued from vents 
remaining in the crater from the last eruption on 19/03/1704 Phillips (1869) or 
19/05/1704 (Scandone et al., 1993) or 20/05/1704 (Auldjo, 1832).  The duration is 
agreed upon, with the description of the following day having a lava fountain reaching 
2 miles in height (~3200m) followed by Strombolian explosions. Auldjo (1832) states 
how “the lava rose above the edge of the crater, but did not pass it”.   
 
*Scandone et al. (1993) describe a period from 1704 to 1706 as repose, whilst Auldjo 
(1832), Phillips (1869) and Alfano and Friedlaender (1929) describe typical minor 
Strombolian and effusive activity during this time, rebuilding the conelet.  Blewitt 
(1853) explains that this was whole period comprised persistent very small explosions, 
and states that no long repose period occurred. 
 
Vent location: Summit 
Vents in crater floor:  Multiple unknown (1704) 
Lavas: Fountain and intractrateric 
Activity:  Persistent. Effusive, weak Strombolian 
  
1701 - 1707 
 
 
Figure 0-8: Lava flow map of 1701-1707. Lavas were restricted to the summit crater.   
1707-1708 
 
1707-1708 
Dates in Scandone et al. (1993): 
29/07/1707 - 22/08/1707: Active 
23/08/1707 - 04/02/1712: Repose* 
 
There is no reported repose period before the paroxysmal and most explosive eruption 
since 1631, of 1707, with a period of low intensity activity prior to this increase.  The 
increase in intensity appears to have started in July 1707 with intense lava effusion in 
the crater, followed by Strombolian explosions and seismic activity which particularly 
affected Torre del Greco (Lirer et al., 2005). This accompanied the opening of a fissure 
on 28/07 of the cone to the SW with lava effusion towards Resina (Scandone et al., 
1993, Lirer et al., 2005).  Alfano and Friedlaender (1929) describe the flow as occurring 
earlier and within the crater, whilst Phillips (1869) describe the flow reaching the 
Salvatore and “almost to the sea”, with Scandone et al. (1993) supporting the direction 
of the flow with describing it as on the same path as the 1694 lavas. The flow appears 
to have lasted for 3 hours (Lirer et al., 2005).  This was followed by intense explosive 
activity of violent Strombolian to Vulcanian, with ash and bombs.  Blewitt (1853) 
indicates that a violent explosive eruption occurred prior to the lava effusion. 
 
*This eruption was followed by a period of repose as given in Scandone et al. (1993), 
however it is reported that an ash eruption occurred in August 1708 (Sorrentino, 
1734). This would indicate that this may have been a period of low level activity, or 
shorter periods of quiescence, interrupted by minor summit activity. 
 
Vent location: Summit 
Vents in crater floor:  Not reported 
Lavas: Effusive from fracture of Gran Cono 
Activity: Paroxysmal. Intense effusive->violent Strombolian+Vulcanian 
1707-1708 
 
 
Figure 0-9: Lava flow map of 1707-1708. Flow inferred with reports suggesting this reached as 
far as the Salvatore. 
 
   
 
    
1712 - 1713 
 
1712 - 1713 
Dates in Scandone et al. (1993): 
05/02/1712 - 10/06/1712: Active 
11/06/1712 - 24/10/1712: Repose* 
25/10/1712 - 08/11/1712: Active 
09/11/1712 - 11/04/1713: Repose 
12/04/1713 - 25/05/1713: Active 
 
From February to November 1712 activity was ongoing with effusive to minor 
Strombolian events at the summit.  The first overflow occurs on 26/04 (Auldjo, 1832, 
Scandone et al., 1993), after an increase in activity in March which saw intracrateric 
lavas building up the crater floor (Lirer et al., 2005). Many overflows occurred, towards 
Torre del Greco, Fosso Bianco, Fosso dei Cervi, Ottaviano, Resina, Boscotrecase and 
Torre Annunziata (Lirer et al., 2005), occurring on 26/04, 29/04, 12/05 towards Torre 
del Greco lasting until June, and 29/10, 08/11 (Scandone et al., 1993), or 12/05 and 
17/05 (Auldjo, 1832). Sorrentino (1734) in Lirer et al. (2005) describes one flow as 
reaching the base of the cone in 24 hours.  Alfano and Friedlaender (1929) indicate 
flows lasting until November, however this is not taken as meaning one flow continued 
for this period of time, and in fact Phillips (1869) describes the flow towards the Fosso 
Bianco as lasting for 8 days, with similar activity through until November.  Auldjo 
(1832) states one flow from the 29/10 to 8/11 advancing towards Torre del Greco.  
Between June and October Scandone et al. (1993) denote a period of repose, however 
other authors suggest the continuation of activity, and it is probable that minor 
summit effusive-Strombolian activity was occurring at this time. 
Another period of repose followed, and activity and overflows once again occurred in 
1713, with flows towards Fosso dei Cervi, Torre del Greco, Ottaviano, Resina (Auldjo, 
1832, Scandone et al., 1993). 
 
Vent location: Summit 
Vents in crater floor:  Not reported 
Lavas: Overflows 
Activity: Persistent. Effusive to mild Strombolian.  
1712 - 1713 
 
 
Figure 0-10: Lava flow map of 1712-1713. Standard overflows are shown.  At least 12 
overflows occurred after the crater filled. 
 
1714 - 1718 
 
1714 
Dates in Scandone et al. (1993): 
26/05/1713 - 05/01/1714: Repose 
06/01/1714 - 20/01/1714: Active 
21/01/1714 - 14/06/1714: Repose 
15/06/1714 - 30/06/1714: Active 
 
There are some discrepancies between the reported activity of 1714, with some 
attributing the lava overflow to the beginning of the year, and some the middle.  
Scandone et al. (1993) indicate that activity began with explosions at the crater, and on 
11/1 lava fountains formed, followed by ash emission, and that after a period of 
repose, activity began once again on 15/6 with explosive events, followed by further 
lava fountains and ash clouds on 21/6 with a lava flow towards Boscotrecase and Torre 
Annunziata, followed by more typical Strombolian ash and lava emissions. Phillips 
(1869) agree with this order, with lava fountains from “all the three mouths” on 21/6, 
followed by an extensive lava flow to the SE, reaching Boscotrecase and “1 mile from 
the sea”.  Auldjo (1832) suggests a flow in June towards Torre Annunziata lasting 
“several days”.  Alfano and Friedlaender (1929) and Lirer et al. (2005) differ in their 
accounts, suggesting that the activity in fact began with a slow overflow from the 
south side of the crater, with a lava flow that lasted from January until June.  The 
different accounts will affect the effusion rate greatly.  There is description of the 
retreat of the sea in the Bay of Naples at the end of the eruption (Phillips, 1869).  
 
Vent location: Summit 
Vents in crater floor:  3 
Lavas: Lava fountains and overflows 
Activity: Peristent/Intense? Unclear. Effusive, Strombolian. 
 
1714 - 1718 
 
 
Figure 0-11: Lava flow map of 1714.  Flow as on Rosi et al. (1987), Johnston-Lavis (1891),  and 
extrapolated from literature. 
 
  
1714 - 1718 
 
July 1714 - September 1718 
Dates in Scandone et al. (1993): 
01/07/1714 - 05/06/1717: Active 
06/06/1717 - 18/06/1717: Active 
19/06/1717 - 21/12/1717: Active 
22/12/1717 - 26/12/1717: Active 
26/12/1717 - 20/09/1718: Active 
 
Minor activity continued at the summit of Vesuvius with occasional increases in 
intensity, such as described by Scandone et al. (1993) on 25/6/1715 and during March 
and April 1716 as described by Scandone et al. (1993), Lirer et al. (2005), Phillips 
(1869), Berkeley (1717), Scarth (2009). Observations by Bishop Berkeley reported in 
Berkeley (1717) and Blewitt (1853), Phillips (1869), and Scarth (2009)  show the activity 
in April 1717 as consisting largely of effusive and Strombolian activity with 2 vents on 
the crater floor on 17/04, with one of the vents described as being ~3m diameter. On 
his return on 8/5 he described how a conelet had grown within the crater, with vents 
corresponding with the original ones viewed, with the summit vent in Strombolian 
activity ejecting material to ~1000m, and the lower vent in the side of the conelet in 
effusive activity.  At this stage he described the crater as being 100m deep and 1600m 
circumference.  
 
There then appears to be some discrepancy between the exact dates of the outbreak 
of lavas on the flank, with Phil.Trans (1717) indicating May, whilst the other authors 
suggest June.  The durations remain unchanged.  
After an explosion (Lirer et al., 2005), on 06/06 fractures developed on the S and E 
flanks of the cone with lava effusion (Alfano and Friedlaender, 1929, Scandone et al., 
1993, Lirer et al., 2005).  The lavas headed towards Boscotrecase, Torre Annunziata 
and Torre del Greco (Scandone et al., 1993, Lirer et al., 2005).  Phillips (1869) describes 
the flows more accurately, likely from Sorrentino (1734) which is quoted in Lirer et al. 
(2005) with the lava from the S fissure dividing into 2 streams at the base of the cone, 
one travelling E over the 1714 flows, the other into the Fosso Bianco, dividing again 
downstream to head towards Boscotrecase down the E side of Camaldoli and Torre del 
1714 - 1718 
 
Greco, appearing to last into 7/6.  Auldjo (1832) describes the fissure on the southern 
flank with flows towards Boscotrecase and between Camaldoli and Torre del Greco.  
Auldjo (1832) also describes how the lavas as “rushed out” indicating a high velocity.  
Phillips (1869) also describes 4 overflows on 13/6, which formed a mass ~1600m wide, 
with lavas ending on 18/6.  Berkeley (1717) describes the largest flow as being ~8000m 
long and ~800m wide, and with continual Strombolian activity from the summit, 
possibly with lava fountains, as 2 or 3 distinct columns are sometimes seen to ~300m. 
Activity after 18/6 returned to Strombolian activity at the summit Lirer et al. (2005), 
although this author also reports one flow as lasting 13/06 until 22/06 from Della Torre 
(1755). 
 
After the paroxysm, activity returned to persistent quiet activity at the summit until 
22/12 when a lava flow formed in the direction of Torre del Greco (Scandone et al., 
1993, Lirer et al., 2005).  Lirer et al. (2005), state that according to Alfano and 
Friedlaender (1929) that the flow originated at the pre-existing fissure, however this 
cannot be found in this text. Activity then again returned to the minor activity at the 
summit. 
 
Vent location: Summit, lateral 
Vents in crater floor:  2, likely 3 
Lavas: Effusive at fissures of the cone, overflows at the summit and lava/spatter 
fountains 
Activity: Persistent-> Paroxysm. Effusive and Strombolian->intense Strombolian 
1714 - 1718 
 
 
Figure 0-12: Lava flow map of 1714-1718. Distal end of one branch from Rosi et al. (1987) and 
flows extrapolated from literature. 
  
1723 
 
September 1718 - April 1723 
Dates in Scandone et al. (1993): 
03/09/1718 - 09/07/1719: Active 
10/07/1719 - 06/05/1720: Active 
07/05/1720 - 27/05/1720: Active 
28/05/1720 - 30/04/1721: Active 
01/05/1721 - 07/06/1721: Active 
08/06/1721 - 19/04/1723: Active 
 
Between 1718 and 1723 activity continued at the summit, with minor effusive and 
Strombolian events, noted to increase in intensity with bad weather (Sorrentino (1734) 
in Phillips (1869)).  A number of overflows from the crater occurred: on 16/09/1718 
lava to the north branched towards Resina and Bosco, from 17/09/1718 towards 
Mauro, Ottaviano and Viulo, with occasional flows until July of 1719 when activity 
diminished (Phillips, 1869, Alfano and Friedlaender, 1929, Scandone et al., 1993).  
Phillips (1869) describe the building on a conelet from 1718 to 1719, when in July, 
following explosions there occurred flows towards the Salvatore on 7,8,9/7/1719.  
Explosive activity cleared the crater in May and June 1720 (Blewitt, 1853). Explosive 
activity with ash clouds occurred in May 1720, and further overflows and flows from 
subterminal vents occurred 01/05/1721, 05,06 and 07/06/1721 towards Torre del 
Greco (Alfano and Friedlaender, 1929, Scandone et al., 1993).  Phillips (1869) describes 
the conelet in 1720 as having 3 vents, one east and one south, and a lower one to the 
north, filled with effusions. 
 
Vent location: Summit, sub-terminal vents 
Vents in crater floor:  3 
Lavas: Overflows, flows from sub-terminal vents 
Activity: Persistent. Effusive and weak Strombolian. 
 
1723 
 
 
Figure 0-13: Lava flow map of 1718-1723. Standard overflows shown.  At least 11 overflows 
identified in the literature, with one branching to the north. 
 
  
1723 
 
April 1723 - July 1723 
Dates in Scandone et al. (1993): 
20/04/1723 - 08/07/1723: Active 
 
During March 1723 there were earthquakes and changes to the water levels, 
particularly in Torre del Greco (Phillips, 1869, Alfano and Friedlaender, 1929, Scandone 
et al., 1993) with the retreat of the sea several times (Lirer et al., 2005). Explosive 
activity occurred 20/4 - 25/6, with lava effusion on 26/6 to the north, from a vent in 
the north of the crater (Alfano and Friedlaender, 1929, Phillips, 1869).  In April Phillips 
(1869) describes 2 vents in the crater, one emitting black smoke, the other to the 
south emitting white smoke.  In June there appear to be 3 vents described within the 
crater, becoming active individually before together.  Auldjo (1832) describes the lavas 
as ponding in the caldera, before on the 29/06 descending towards Mauro lasting until 
8/7.  The lava flow moves towards Mauro, with two flows towards Ottaviano and 
Viulo.  There was ongoing Strombolian activity at the summit with the effusion, 
fluctuating in intensity.  There were intermittent periods of effusion with flows on 1/7 
and increase in flow emission on 4/7, as well as increase in the explosivity (Lirer et al., 
2005).  Vulcanian eruptions occurred following landslides in the crater with the 
subsidence of lavas between 2/7 and 4/7 with an eruption column forming on 4/7, 
with minor explosions continued until 9/7 (Lirer et al., 2005).  
 
Vent location: Summit 
Vents in crater floor: 3 
Lavas: Overflows 
Activity: Intense/paroxysmal.  Strombolian, effusive and Vulcanian bursts. 
 
1723 
 
 
Figure 0-14: Lava flow map of 1723. Small section of flow from Rosi et al. (1987), extrapolated 
from literature, and based on the 1929 lava flow which followed the same route in a similar 
way. 
 
1724 - 1737 
 
1724 - May 1737 
Dates in Scandone et al. (1993): 
04/09/1724 - 29/09/1724: Active 
30/09/1724 - 09/01/1725: Active 
10/01/1725 - 15/08/1728: Active 
16/09/1728 - 26/02/1730: Active 
27/02/1730 - 01/04/1730: Active 
02/04/1730 - 24/12/1732: Repose 
25/12/1732 - 10/01/1734: Active 
11/01/1734 - 30/06/1735: Active 
01/07/1735 - 30/07/1735: Active 
01/08/1735 - 13/05/1737: Active 
 
This entire period was characterised by fluctuating intensity of effusive to Strombolian 
activity, with intracrateric lava flows, conelet building and overflows on the cone in 
multiple directions.  There is report of 2 or 3 vents in the crater (Phillips, 1869).  The 
eruptions were ongoing with periods of minor activity, and frequently lavas being 
issued at the same time as explosions.  At one stage Sorrentino (1734) in Lirer et al. 
(2005) and Phillips (1869) report hoops of vapour or circles of dust 2 miles above the 
summit, perhaps similar to those seen at Etna.  There are some discrepancies between 
exact dates and directions of flows, but accounts agree on the dominant activity of 
multiple overflows, with no suggestion that any lava flow extended beyond the caldera 
rim.  
 
Overflows reported towards south, towards Fosso Bianco, Ottaviano, Torre del Greco, 
Salvatore, Resina, Torre Annunziata.  At least 26 overflows reported, lasting between 1 
and 10 days.  
 
Vent location: Summit 
Vents in crater floor: 2/3? 
Lavas: Overflows 
Activity: Persistent. Effusive, weak Strombolian. 
1724 - 1737 
 
 
Figure 0-15: Lava flow map of 1724-1737. Standard overflows shown.  26 overflows are 
identified in the literature. One flow continued for 10 days, most do not have durations. 
Pahoehoe flows are likely. 
 
 
 
1744 – 1751 
 
1737 
Dates in Scandone et al. (1993): 
14/05/1737 - 04/06/1737: Active 
 
This eruption began with reports of smoke and fire (Scandone et al., 1993) which likely 
indicates minor intracrateric activity.  Lava overflowed on 15-16/5 towards east, and 
was followed by increase in explosive activity until the 20/5 when accompanied by an 
explosion, a fissure opened on the southwest flank with lava towards Resina, whilst 
simultaneously lava continued to overflow to the east (Serao, 1743, Phillips, 1869, 
Alfano and Friedlaender, 1929, Scandone et al., 1993, Lirer et al., 2005).  This lava 
halted after an hour, and two hours later the fracture reopened with Strombolian 
explosions and effusion for about 4 hours, reaching 152m length and 91m wide. There 
were intermittent explosions and on 21/5 further lavas to east and west, towards 
Resina, Fosso Bianco and then Torre del Greco, with Torre del Greco destroyed by the 
lava flow (Scandone et al., 1993).  Serao (1738) in Lirer et al. (2005) states that the flow 
from the fissure split into flows towards Resina, Torre del Greco and Bosco, with the 
flow towards Torre del Greco having several branches and halting on 22/5 a short 
distance from the sea. On 23 and 24 May explosive activity (Scandone et al., 1993).  
Serao (1743) describe the overflow to the west as being very slow, whilst Lobley (1868) 
states that overflows from the summit caused much destruction of property.  It is likely 
that Lobley (1868) is incorrect, and that the destruction was indeed from the fissure 
flow.  The fissure flow in Blewitt (1853) is described as travelling 4 miles in 8 hours, and 
having an a’a surface.  
 
There are different accounts of the dimensions and volumes involved in this eruption.  
It would seem that overflows were restricted to the upper cone (and this is visible in 
Figure 21 in the Image Appendix).  The flow from the fissure is said to have spread to 
300 paces and 500 paces long within the caldera (Phillips, 1869) before entering the 
Fosso Bianco and streaming to Torre del Greco.  
Phillips (1869) gives length of 5 miles and volume of 319,658,161 cubic feet (9,051,711 
cubic meters).   
1744 – 1751 
 
Lobley (1868) gives a volume at “upwards of 33,000,000 cubic feet” (934,455 cubic 
meters) and describes columnar jointing in the distal flow, with depths of 12-15ft.  
Phillips (1869) dismisses this volume as being “very erroneous”, not naming Lobley, but 
stating this figure found in “English books”.    
Serao (1743) gives dimensions of “3350 neapolitan canes (m), and being the same 
breadth for the first 750m, and being 8 palms deep, and the remaining 2800 canes 
being 188 palms wide and 30 palms deep, giving 595,948,000 cubic feet” which is 
equal to 16,875,368 cubic meters.  The flow is also described to have what are likely 
lava balls on the surface of the flow, some as large as “4 palms” in diameter, and 
describes the flow indicating a likely a’a surface to the majority of the flow, with 
pahoehoe where slow or pooled. 
 
All flows stopped on the 21st except for the Torre del Greco branch.  
 
Vent location: Summit and lateral 
Vents in crater floor: Not reported 
Lavas:  Slow overflows at the summit, fast flows from fissure on the cone 
Activity: Intense/Paroxysmal. Effusive at fissure, Strombolian at summit 
 
  
 
  
1744 – 1751 
 
 
Figure 0-16: Lava flow map of 1737. Flow modified from historic images, Phillips (1869), 
Johnston-Lavis (1891) and Rosi et al. (1987) and extrapolated. Standard overflows shown. 
  
1744 – 1751 
 
1744-1751 
Dates in Scandone et al. (1993): 
05/06/1737 - 30/10/1744: Repose* 
01/11/1744 - 24/10/1751: Active 
 
*Scandone et al. (1993) gives the years between 1737 and 1744 as a period of repose, 
however Nazzaro (1985) in Lirer et al. (2005) believes there was minor intracrateric 
activity from 1738. Blewitt (1853) states that Vesuvius was quiet for 14 years following 
the 1737 eruption.    
 
The crater returned to activity in 1744, with the construction of a conelet (Scandone et 
al., 1993) through minor effusive and Strombolian activity.    The crater gradually filled 
with lavas and spatter, until it was full in 1749, with three vents in Strombolian activity 
in 1750 (Scandone et al., 1993). 
 
Lirer et al. (2005) give the dimensions of the crater after the paroxysmal eruption of 
1737, with the depth of the crater at 178m and the diameter of the base of the crater 
of 130m.  Using this giving a radius at the bottom of the crater of 65m: 
 
Initial minimum crater volume = 1.18x106m3 
 
As this is the minimum diameter at the bottom of the crater, the diameter of the top is 
often greater, and is taken as twice this to give a volume range, giving: 
Initial probable maximum crater volume = 4.7x106m3 
 
The crater was active over a period of 2549 days, which gives a mean effusion rate of 
~0.01-0.02m3/s. 
 
Vent location: Summit  
Vents in crater floor: 3 
Lavas:  Intracrateric flows 
Activity: Persistent. Effusive, weak Strombolian.  
1744 – 1751 
 
 
Figure 0-17: Lava flow map of 1744-1751. Lavas were restricted to the summit crater. 
 
 
  
1751 - 1752 
 
1751 - 1752 
Dates in Scandone et al. (1993): 
25/10/1751 - 25/02/1752: Active 
 
At 4am of 25/10 a fracture formed on the southeast flank of the cone towards Bosco 
(Phillips, 1869, Alfano and Friedlaender, 1929, Scandone et al., 1993, Lirer et al., 2005), 
accompanied by a loud bang (Alfano and Friedlaender, 1929) and subsequent to a 
number of earthquakes (Lirer et al., 2005).   Lava streamed towards Boscotrecase and 
Il Mauro (Scandone et al., 1993) in two narrow flows reaching 4 miles (Phillips, 1869).  
New vents opened on 2/11, and new lavas were emitted from 5/1/52 to 25/2 
(Scandone et al., 1993).  6 vents had opened at lower altitudes (Lirer et al., 2005), and 
Alfano and Friedlaender (1929) state flows also headed towards Ottaviano.  Activity 
returned to the summit after the effusion of lavas at the lateral vents (Scandone et al., 
1993). However Lirer et al. (2005) state that the conelet was destroyed in the crater by 
the end of November and intracrateric effusions occurred through 5 vents with the 
lavas from at least one of the lateral vents continuing until 25/2/52 (Lirer et al., 2005).  
Auldjo (1832) and Phillips (1869) states that the flows ceased in November.  
 
The lava towards Boscotrecase originated on 25/10 and took 8 hours to reach 4 miles, 
branching on a number of occasions and lasting until 19/11 (Auldjo, 1832, Blewitt, 
1853, Lirer et al., 2005), indicating a fast extension to the full length, but remaining 
active.  The description in Blewitt (1853) suggests an a’a surface.   
 
The height of the first vent is unknown, but vent 2 occurred 55m lower, vent 3 199m 
below vent 2, vent 4 49m below vent 3, and vent 5 252m below vent 4, almost in the 
Piano del’Atrio (Lirer et al., 2005), giving a fracture length of at least 555m. 
 
Phillips (1869) gives the velocity of the flow at the distal ends towards Boscotrecase as 
28palms/min (11.68m/s) on steep slopes and 10palms/min (4.17m/s), and states that 
here the flow was 16palms (4m) wide, and also describes the flows in such a way as to 
suggest that one branch towards Bosco was a’a in form, whilst the smaller branch 
towards Il Mauro was pahoehoe. 
1751 - 1752 
 
The crater after the eruption was 5624ft (1714m) in  circumference and 120 ft (37m) 
deep filled with lavas, spatter and ash, with an “abyss” of 1500ft(457m) circumference 
and 500ft (152m) deep on the northern side in effusive activity (Phillips, 1869) and 
Blewitt (1853) and Lobley (1868) gives an account of the crater sinking after the 
eruption to leave a great hollow.   
Vent location: Lateral 
Vents in crater floor: 5 
Lavas:  Lateral 
Activity:  Intense. Effusive activity at vents then effusive and Strombolian at summit. 
 
 
Figure 0-18: Lava flow map of 1751. Distal flow end from Rosi et al. (1987), extrapolated using 
Figure 22 (Mercatti in Alfano and Friedlaender, 1929) in the image appendix.  
1752 - 1754 
 
1752 - 1754 
Dates in Scandone et al. (1993): 
26/02/1752 - 01/12/1754: Active 
 
This was a period of persistent minor summit activity with effusive and Strombolian 
activity building and breaking up a conelet (Phillips, 1869, Alfano and Friedlaender, 
1929, Scandone et al., 1993).  Scandone et al. (1993) report that the crater is 255ft 
deep in February 1752, and seen to have three vents in March and 2 in May.  
Vent location: Summit  
Vents in crater floor: 3, 2 
Lavas:  Intracrateric flows 
Activity: Persistent. Effusive, weak Strombolian. 
 
Figure 0-19: Lava flow map of 1752-1754. Lavas were restricted to the summit crater.   
1760 
 
1754 - 1755 
Dates in Scandone et al. (1993): 
02/12/1754 - 15/03/1755: Active 
 
This was preceded by the filling of the crater during many small Strombolian 
explosions, so that in November it was filled with lavas within ~8m of the rim (Blewitt, 
1853).  On 2/12 fractures of the cone developed towards Boscotrecase and Ottaviano 
with lava flows onto the 1751 flow (Phillips, 1869, Alfano and Friedlaender, 1929, 
Scandone et al., 1993, Lirer et al., 2005).  The fracture occurred silently with no 
accompanying explosion or earthquake (Phillips, 1869, Alfano and Friedlaender, 1929, 
Lirer et al., 2005). Several vents formed on the fracture and were active until 22/1/55 
(Scandone et al., 1993) with minor Strombolian explosions and then purely effusion 
(Lirer et al., 2005). Vapour rings were seen above the summit on 15/12 (Alfano and 
Friedlaender, 1929, Lirer et al., 2005).  Lavas were effused onto the same path as 1751, 
towards Boscotrecase, Boscoreale, Mauro, and Ottaviano  (Phillips, 1869, Alfano and 
Friedlaender, 1929, Scandone et al., 1993, Lirer et al., 2005, Lobley, 1868).  Activity 
levels fluctuated, with explosive activity periodically after the effusion, and bombs up 
to 0.6m in size being thrown to ~5km height on 21-22/1 (Scandone et al., 1993). 
Another lava flow was emitted into the Atrio on 25/1, and on 31/1 from 2 vents on the 
cone to the south (Phillips, 1869) or towards Ottaviano (Scandone et al., 1993). The 
fractures are described in (Blewitt, 1853) as “of the crater” towards Mauro and 
another towards the SE. 
The conelet collapsed 28/2 and there was a further flow on 15/3 (Scandone et al., 
1993).  A’a flows are seen in the field from this eruption, though the effusion 
fluctuated throughout. 
 
The crater floor in January 1755 was 23ft lower than the crater rim with a conelet 
within, and in April the crater was 4620ft in circumference having widened since the 
1500ft crater of 1751 (Phillips, 1869). 
  
Vent location: Lateral, minor summit 
Vents in crater floor:  -  
1760 
 
Lavas:  Lateral flows from vents on fissures, intracrateric 
Activity:  Intense? Effusive, with some strong Strombolian explosions.   
 
Figure 0-20: Lava flow map of 1754-1755. Lavas from historic images, Johnston-Lavis (1891) 
and Rosi et al. (1987).  The vents to the ENE are dubious.  
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1755 - 1760 
Dates in Scandone et al. (1993): 
16/03/1755 - 27/03/1759: Active 
29/03/1759 - 31/03/1759: Active 
01/04/1759 - 12/05/1759: Active 
13/05/1759 - 20/05/1759: Active 
21/05/1759 - 05/11/1759: Active 
06/11/1759 - 30/03/1760: Active 
31/03/1760 - 22/12/1760: Active 
 
This entire period was dominated by effusive and minor Strombolian activity at the 
summit, with numerous overflows and one opening of a fissure towards Bosco 
(Scandone et al., 1993). The activity levels fluctuated throughout, with increasing 
activity from December 1760 in the lead up to the next eruption.  The activity was 
“almost uninterrupted” during this period (Auldjo, 1832). One intense explosive phase 
is described in 1758 (Blewitt, 1853).  
 
25 overflows are listed as occurring, in multiple directions - towards Torre del Greco, 
Portici, Ottaviano, to the Fosso della Vetrana (Scandone et al., 1993).  
 
30/03/1759 a rapid outflow to SW and towards Romitario and Ottaviano (X). 
Flow towards SW (Torre del Greco) travels 4 miles in 5 hours (Lirer et al., 2005) (X). 
On 13/05/1759 a fracture on the flank towards Boscotrecase (Y) with a lava flow for 7 
days (Scandone et al., 1993).   
From 06/11/1759 to March 1760 increasing activity and abundant lava to the south 
(Scandone et al., 1993)(Z). 
 
The described durations and flow lengths indicate a highly fluctuating effusion rate 
during this period, which was dominantly low and likely to have produced pahoehoe 
flows, with periods of high effusion rates producing flow X which would have been a’a.  
 
Vent location: Summit, with one lateral 
1760 
 
Vents in crater floor:  - 
Lavas: Overflows and from a fissure in the cone 
Activity: Persistent. Effusive. Occasional weak Strombolian.  
 
 
Figure 0-21: Lava flow map of 1756-1760. Lavas inferred from literature. 25 overflows 
described taken as standard here, W=0.3km2, X= 5 hours, 0.66km2, Y= 7 days, 0.14km2, Z= 115 
days, 0.21km2. Flow X travelled 4 miles in 5 hours, however this is not seen on maps or images, 
here it is drawn from literature on the same path as 1794. 
 
 
  
1760 
 
1760 
Dates in Scandone et al. (1993): 
23/12/1760 - 06/01/1761: Active 
 
Intense seismic activity was present for four days prior (Blewitt, 1853) with increasing 
seismic activity preceded a strong earthquake and tremor that accompanied the 
development of a fracture 1 mile north of Boscotrecase at 7.30pm on 23/12/60 
(Scandone et al., 1993, Lirer et al., 2005) not more than 1000ft a.s.l. (~300m) (Phillips, 
1869). This fracture was clearly radial with the summit (as seen in Figures 34, 35,36 
Image Appendix; Phillips (1869)). Activity began at the fracture with Strombolian 
(Auldjo, 1832, Lirer et al., 2005) explosions emitting ash and scoria building up 2 
conelets, followed by lava effusion towards Torre Annunziata that travels ½ mile 
(~800m) in 12 hours (Scandone et al., 1993, Lirer et al., 2005).  Meanwhile, along with 
another earthquake, another conelet formed at 8.15pm, whilst moderate explosive 
activity was present at the summit (Scandone et al., 1993, Lirer et al., 2005). Blewitt 
(1853) and Phillips (1869) indicates initial significant “black columns of smoke and ash” 
on the fissure, suggesting activity may have begun with Vulcanian explosions, and 
Lobley (1868) describes significant volumes of ash produced by the conelets.  
Scandone et al. (1993) state that 7 conelets formed, and that there were likely 15 in 
total (15 vents are described by Phillips (1869) with one reaching 200ft (~61m) in 
height, also 15 in Lirer et al. (2005), 12 in Alfano and Friedlaender (1929)), and give 
volumes of the cones of a = 0.6x106m3, b =small, C=0.155x106m3. D=small, e=small, 
f=0.036x106m3. G=0.149x106m3.  Figures 32-38 (Image Appendix) show between 4 and 
6 individual columns of spatter from the conelets, suggesting at least 6 vents on the 
fracture.  Lava flows issued from the different cones at different times, with effusion 
stopping on 1/1/1761 (~8 days effusion), after which the activity became focussed at 
the crater and more explosive with strong earthquakes and activity ceasing on 
6/1/1761 but with smoke emission from different cones until 1779 (Scandone et al., 
1993). New fractures are said to have formed on 26/12/1760 by Lirer et al. (2005), 
however it is likely that this is representing new vents on the existing fissure. The lavas 
formed during this event are said by Phillips (1869) to have formed from two of the 
vents, forming a flow 3.5 miles (~5600m) long and 400ft (~122m) wide, reaching 1/4 
1760 
 
mile (~400m) of the sea 1.5 miles (~2400m) northwest of Torre Annunziata. Blewitt 
(1853) explains that the flow stopped at 200 paces from the shore when it could not 
overcome a topographic high, and therefore spread laterally to a width of ~400m and 
depth of 17 palms (~4.25m).  Lirer et al. (2005) also appear to indicate overflows at the 
summit towards Torre del Greco, Ottaviano, Boscoreale and Boscotrecase. 
 
The cones are called the Bocce di Vocoli (Auldjo, 1832), or Voccole (Blewitt, 1853, 
Phillips, 1869). 
A lateral volume of 9.8 x 106m3 lava according to Scandone et al. (1993) who also give 
this eruption a VEI of 3.  A slightly lower volume is calculated here, and the VEI based 
on activity is lowed to 2. 
 
The crater after the eruption is given as 5624 french feet in circumference and 130ft 
deep (De Bottis in Phillips (1869)).  Phillips (1869) describes the flow as a’a (also seen in 
the field), with one area of pahoehoe, and rich in pyroxene. 
 
Vent location: Flank and summit 
Vents in crater floor:  - 
Lavas: From flank vents and some overflows at summit 
Activity: Paroxysmal. Strombolian and effusive. Some Vulcanian.  
 
1760 
 
 
Figure 0-22: Lava flow map of 1760. Standard overflows shown at summit, with flank vent flow 
from Rosi et al. (1987). 
 
  
1764 - 1766 
 
1764 - 1766 
Dates in Scandone et al. (1993): 
07/01/1761 - 30/06/1764: Repose* 
01/07/1764 - 27/03/1766: Active 
28/03/1766 - 15/12/1766: Active 
 
The activity was preceded by a period of repose with uncertain duration* (Scandone et 
al., 1993)(described in Auldjo (1832)as being 4 years in duration), and followed by 
minor fumarolic and Strombolian activity at the summit during 1764-1765, when in 
September 1765 there was an overall increase in activity with black smoke combined 
with the fumarolic emissions, which in October was seen to contain incandescent 
scoria at night (Phillips, 1869).  Blewitt (1853) explains that activity increased from 
November 1765 to the end of March, during which time the crater was rapidly filling 
with lavas.   Hamilton in Phillips (1869) described a “hillock of sulphur about 6 feet 
high...gave forth a blue flame”, and describes Strombolian explosions.  Blewitt (1853) 
and Phillips (1869) indicates that the eruption began on 28/03/1766, however then 
describes how a few days prior to this there was a significant explosion generating an 
eruption cloud.   
 
Overflows began on 28/3/1766 meaning the crater was full at this point.   Using the 
dimensions of the crater given as 5624 french feet circumference and 130ft deep after 
the 1760-61 eruption, and the volume of a paraboloid equation, the volume filled = 
4.63x106m3.  This volume was produced prior to the first overflow, over a maximum 
period of 634 days, giving a mean effusion rate of 0.08m3/s. 
 
Strombolian activity took hold on 28/03/1766 with violent explosions and an a’a lava 
overflow to the southwest (Blewitt, 1853, Alfano and Friedlaender, 1929, Scandone et 
al., 1993, Lirer et al., 2005), which divided into two towards Portici and Naples, 
travelling about a mile (~1600m) in an hour before the branches rejoined and halted in 
a hollow on the cone (Phillips, 1869). Strombolian activity continued at intervals until 
09/04/1766 forming a conelet, with particularly large ejecta on 31/03/1766 with 
bombs described up to a tonne reaching a height of 200ft (~60m) (Phillips, 1869). On 
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10/04/1766 a lateral fracture developed in the cone “about half a mile from the mouth 
of the volcano” effusing lava “with amazing velocity...equal to that of the river 
Severn...” (Blewitt, 1853, Phillips, 1869).  The description in Blewitt (1853), from 
Hamilton indicates an a’a flow.   Alfano and Friedlaender (1929) and Mecatti (1766) 
describe the fractures as occurring on 11/04 towards the southeast and southwest, 
and overflows continued towards Ottaviano and Torre Annunziata (Scandone et al., 
1993, Lirer et al., 2005). The fractures were radial (Lirer et al., 2005).  Hamilton in 
Phillips (1869) described the length and breadth of the flow but  deems this erroneous.  
The distal end of the flow is described as 10-12ft (3.05 -3.66m) high, travelling at 
30ft/hr (0.003m/s) and continued until June (Phillips, 1869) with Strombolian 
explosions and overflows until November (Scandone et al., 1993), or December 
(Phillips, 1869, Lirer et al., 2005). 
 
This was a period of persistent activity of intracrateric effusive and Strombolian 
activity, with overflows and lateral flows most likely forming pahoehoe flows at low 
rates.  Flow A descended the cone rapidly before halting, suggesting an a’a flow may 
have been generated. 
 
Vent location: Summit and sub-terminal/lateral fractures of cone 
Vents in crater floor: - 
Lavas:  Intracrateric flows and flows from fissures of cone 
Activity: Persistent – intense. Effusive and Strombolian.  
 
1764 - 1766 
 
 
Figure 0-23: Lava flow map of 1764-1767. Lavas inferred from the literature, with standard 
overflows and lateral flow. A= travelled a mile in an hour, 0.10km2, B=SLF, C= seems to have 
left the Somma caldera, but extent unknown 0.28km2; flows B and C lasted either until June or 
December. 
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1767 
Dates in Scandone et al. (1993): 
16/12/1766 - 18/10/1767: Active 
19/10/1767 - 27/10/1767: Active 
 
The main eruption of 1767 was preceded by a period of gentle activity at the summit, 
with minor explosions and intracrateric lavas, leading to one overflow on 12/08/1767 
when the crater was full (Scandone et al., 1993, Lirer et al., 2005). This differs slightly 
from the account given in Blewitt (1853), where after intracrateric effusive and 
Strombolian activity, lavas from August started to fill the crater, with overflows in 
September, as is also described in Phillips (1869) where the overflow is said to have 
occurred on 12/09/1767 after beginning on 7/8/1767 from the top of the conelet and 
filling the crater with the lava.  These lava overflows ceased on 18/10 (Blewitt, 1853, 
Phillips, 1869). 
 
Activity increased in intensity and along with a strong explosion on 19/10/1767, a sub-
terminal fracture to the NNW developed (Scandone et al., 1993, Lirer et al., 2005).  
Phillips (1869) describes the first point of effusion as a vent at 100m below the crater 
rim, with further vents below this.  Blewitt (1853)explains this fissure developed after a 
black cloud was emitted, with the fissure 300ft (91m) below the crater towards 
Ottaviano.   “Fluid” lava was effused from the fracture to the Canteroni and Fosso 
Grande, reaching the Salvatore within 6.5 hours and with branches towards Resina, 
Portici, and San Giorgio (Scandone et al., 1993, Lirer et al., 2005), beginning with a lava 
fountain at the lower vent (Phillips, 1869) being channelled by the Somma walls.  The 
lava in the Atrio del Cavallo is described by Hamilton as being 60 or 70 feet deep (in 
Lobley (1868) and Phillips (1869))(18-21m), or over 15m deep (Scarth, 2009).  Activity 
at the summit increased with Strombolian explosions and the collapse of the conelet, 
with lava increasing from the fracture on 20/10, increased explosivity with an eruption 
cloud on 22/10, and new lavas towards San Giorgio on 26/10 (Scandone et al., 1993).  
De Bottis (1786) in Lirer et al. (2005) describes one of the branches as moving 40 palms 
in 3 mins (0.06m/s).  Phillips (1869) again gives a slightly different account of the 
events to Scandone et al. (1993), with lavas halting on 24th, the eruption cloud 
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occurring on 25th, and the eruption ending on 27th.  The lava to the north is described 
as ceased on the “fifth day” (Blewitt, 1853), suggesting the 24th.   Also described here 
in an account from Padre Torre is the reopening of the fractures from 1766 on the 
south side of the cone with lavas, which is also discussed in Lirer et al. (2005) as being 
vents to the southeast, and in Blewitt (1853)as being on the southern side.  The 
collapse of the crater floor due to the lateral effusions leads to Vulcanian explosions at 
the summit (Lirer et al., 2005).  The flow is described as 6 miles long and at its widest, 2 
miles wide (Blewitt, 1853). 
 
Vent location: Summit and sub-terminal/lateral fissures and vents 
Lavas: Overflows and flows from fissures/vents of cone 
Activity: Intense/Paroxysmal. Strong Strombolian at summit, effusive at vents 
 
 
1767 
 
 
Figure 0-24: Lava flow map of 1767. Distal flow ends from Johnston-Lavis (1891) and Rosi et al. 
(1987), extrapolated on basis of literature, with section between the two main distal branches 
undated on Rosi et al., 1987 but likely to represent one of the Portici brances described. 
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1770 - 1771 
Dates in Scandone et al. (1993): 
28/10/1767 - 14/02/1770: Repose 
15/02/1770 - 30/04/1770: Active 
01/05/1770 - 30/04/1771: Repose* 
01/05/1771 - 30/05/1771: Active 
 
After a period of repose Strombolian activity recommenced at the summit with tremor 
from 15/02/70 with a corresponding decrease in the water table at Torre del Greco 
and La Volla (Scandone et al., 1993, Lirer et al., 2005). The Strombolian activity 
increased through March, with seismic activity and violent summit explosions. On 
16/03/70 a fracture formed on the east side of the cone with Strombolian activity and 
lava into the Canale dell’Arena towards Il Mauro and Boscoreale, halting on 17/03, 
with another flow in the same direction from 18/03 to the 20/03 (Scandone et al., 
1993, Lirer et al., 2005). Then several further flows into the Vallone dell’Arena 
(Scandone et al., 1993, Lirer et al., 2005). Blewitt (1853) and Phillips (1869) give a 
slightly different timescale and fracture location, with the fracture developing on 
14/03/70 on the south side of cone 100m from the summit (Phillips, 1869) or “on the 
side of Pompeii” (Blewitt, 1853) (SE?) producing a flow 2 miles long and 2700 paces 
wide.  This flow is not seen on any images or maps of the time. During the repose 
period given by Scandone et al. (1993) on 10/8 activity is reported in Phillips (1869) 
with an overflow towards Torre del Greco, another to the east and in December a 
small vent of ~0.3m diameter produced a lava flow into the Atrio del Cavallo.  *This 
suggests that the repose period infact comprised low-intensity quiet activity.  
Similar activity continued through 1771 with effusion from the 1767 fracture, about 
half way up the cone, towards Resina on 14/05/71, reaching 60ft, followed on 27/5/71 
by lava towards Ottaviano and Mauro until 6/6/71 (Phillips, 1869), with ash until 
November (Phillips, 1869, Scandone et al., 1993).  Again the dates differ in Auldjo 
(1832), Alfano and Friedlaender (1929), Scandone et al. (1993) and Lirer et al. (2005) 
with the effusion from the fracture to the north occurring on 1/5 for 8 days flowing 
very slowly (Lirer et al., 2005), followed by a new flow from 9/5 through 12/5 and to 
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the end of May towards Portici and Torre del Greco, with Strombolian activity at the 
summit.  
Vent location: Summit and sub-terminal/lateral fractures of cone 
Vents in crater floor: - 
Lavas:  Flows from fissures on the cone and overflows 
Activity: Persistent to intense.  Effusive to moderate Strombolian. 
 
 
Figure 0-25: Lava flow map of 1770-1771. Lavas inferred from literature descriptions and 
historic images, with the main flow based on Figure 54,55 (Image Appendix). 1: 16/3/70 until 
end of April, SLF with multiple effusions. 2: 1/5/71 for 8 days, 0.61km2. 3: 9/5/71 with 4 
branches. 5: 12/5/71 effusion all of May, 0.14km2.  
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1771 - 1775 
Dates in Scandone et al. (1993): 
01/06/1771 - 28/12/1773: Active 
29/12/1773 - 01/02/1774: Active 
02/02/1774 - 03/08/1774: Active 
04/08/1774 - 01/12/1774: Active 
02/12/1774 - 19/12/1775: Active 
 
This was a period dominated by mild Strombolian activity at the summit constructing a 
conelet (Blewitt, 1853) with occasional overflows restricted to the caldera.  A flow 
occurred from the northeast side of the crater to the Canale dell’Arena in December 
1773 lasting until 16/01/1774, when a new vent produced a flow to the north lasting 
until February (Scandone et al., 1993, Lirer et al., 2005).  Blewitt (1853) and Phillips 
(1869) describes the conelet within the crater as emitting this flow.  Between August 
and December 1774 the fracture of 1767 and 1771 was covered with lavas Scandone 
et al. (1993) to the west (Lirer et al., 2005).  
 
The flow from December 1773 is described by De Bottis in Lirer et al. (2005) as inflating 
in such a way that sounds like a pahoehoe flow.  
 
Vent location: Summit  
Vents in crater floor: - 
Lavas:  Overflows 
Activity:  Persistent. Strombolian. 
 
1771 - 1775 
 
 
Figure 0-26: Lava flow map of 1771-1775. Standard overflows are shown. 
 
  
1796 - 1804 
 
1776 - 1779 
Dates in Scandone et al. (1993): 
20/12/1775 - 03/04/1776: Active 
04/04/1776 - 28/07/1779: Active 
29/07/1779 - 13/08/1779: Active 
 
Strombolian activity was ongoing at the summit, with an overflow southeast (?) 
towards Ottaviano 20/12/1775-2/1/1776 (Scandone et al., 1993) and Somma (Lirer et 
al., 2005).  A fast flow travelling 1.5 miles (2.4km) in 14 mins (2.86m/s) was emitted on 
3/1/76 towards the Fosso della Vetrana (Scandone et al., 1993).  Blewitt (1853) 
describes two flows occurring on 3/1/76, one a summit overflow, the other from a 
lateral fissure to the NW, with both flows active for 3 days, both forming channels 0.2-
1.8m wide and 2.1-2.4m deep.  A fracture in the shape of a half ellipse developed on 
the northwest side of the cone on 4/1/76 with smoke and lava towards I Canteroni 
that stopped on 12/1/76  (Scandone et al., 1993, Lirer et al., 2005), accumulating near 
the Salvatore (Lirer et al., 2005).  De Bottis in Lirer et al. (2005) describes fumarolic 
activity from the border of the fissure, with vents forming in one end, widening to “a 
few palms” (<1m) forming two flows.  Further flows occurred from 15/1/76 - 16/3/76, 
with a fracture forming to the north-northwest with crater collapse on 15/3/76 and 
subsequent lava until 3/4/76 (Scandone et al., 1993), with these lavas described in 
Lirer et al., (2005) as being from new fractures of the cone.  The summit conelet 
collapsed at the beginning of May 1776 (Scandone et al., 1993) suggesting that the 
crater either did not undergo complete collapse or strombolian activity continued.   
 
Activity is then not described until 1779, although was likely to be ongoing in a 
persistent phase at the summit.  A fracture of the cone to the north-northeast effused 
lava from May 1779 to the end of June (Scandone et al., 1993, Lirer et al., 2005), with 
this fracture being described by Hamilton (1779) in Phillips (1869) as being a quarter 
mile (~400m) from the summit with a tube system and cone built upon it. 
 
Activity increased from the end of July 1779, when on 29/7 an overflow (from the 
fracturing of the central conelet,Blewitt (1853)) occurred into the Canale dell’Arena 
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reaching i Canteroni on 2/8, when a new overflow occurred into the Atrio del Cavallo 
(Scandone et al., 1993, Lirer et al., 2005). On 3/8 with moderate-intense Strombolian 
activity at the summit and rumblings, a fracture opened to the north with lava 
(Scandone et al., 1993, Lirer et al., 2005) into the Piano della Ginestra whilst only water 
was emitted at the summit (Lirer et al., 2005).  Strombolian activity then continued at 
the summit, and two small lava fountains occurred (Scandone et al., 1993).  On 5/8/79 
a fracture formed within the crater towards the north-northeast with the collapse of 
the conelet and lava effusion towards Ottaviano and the Fosso della Vetrana, 
(Scandone et al., 1993, Lirer et al., 2005), with the flow towards Portici stopping before 
it reached cultivated ground (Blewitt, 1853), suggesting not far beyond the caldera rim.  
Overflows were also described by Phillips (1869) as forming towards Somma and 
Portici, and Vulcanian ash explosions occurred along with seismic activity on 6/8 and 
7/8 (Lirer et al., 2005).  
 
Lava fountains formed at the summit in the early hours of 8/8 lasting at intervals for 
4hr45, reaching a height of 2000m, with lava flows into the Vallone di Ottaviano 
(Scandone et al., 1993), likely being clastogenic flows.  Auldjo (1832) describes these 
fountains as beginning at 7pm on 8/8/79, and Blewitt (1853) at 9pm.  Hamilton (1779) 
in Phillips (1869) described the fountains as being three times the height of Vesuvius 
which stood 3700ft high, which would have them reaching >3000m, and Scarth (2009) 
gives a height of 4000m for the lava fountains.  The fountains continued at intervals 
throughout 8/8 (Lirer et al., 2005) with ongoing Strombolian explosions and ash 
emission (Alfano and Friedlaender, 1929).  The fountain was inclined with fallout onto 
Somma and Ottaviano, and filled the Atrio del Cavallo to 250ft (76m) (Blewitt, 1853).  
After this fountain, dark ash clouds were emitted (Blewitt, 1853).  9/8 was 
characterised by strong Strombolian explosions with incandescent scoria on the cone 
and further fountains, with a further effusion described by Phillips (1869) followed in 
the next days by primarily Vulcanian explosions with intense ash emission and ash 
reaching as far as Albania (Scandone et al., 1993, Lirer et al., 2005).  The eruption 
ended on 11/8 (Blewitt, 1853).  After the eruption the crater was 75m deep and the 
cone was covered in a shell of lava of 30m thick on the northern flank and 75m deep in 
the Atrio del Cavallo (Hamilton (1779) in Scarth (2009). 
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Vent location: Summit and lateral 
Vents in crater floor: - 
Lavas:  Overflows, emission at lateral fissures and clastogenic flows from summit 
fountains 
Activity:  Intense then Paroxysmal. Strombolian and effusive, with Vulcanian at end. 
 
Figure 0-27: Lava flow map of 1775-1779. Standard overflows and lateral flows are shown, 
with inferred clastogenic flow. 8 overflows and 5 lateral flows are described (~1.26km2), plus 
clastogenic flow covering cone and through Atrio del Cavallo. 
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1779 - 1790 
Dates in Scandone et al. (1993): 
14/08/1779 - 17/09/1783: Repose* 
18/08/1783 - 31/10/1785: Active 
01/07/1785 - 30/11/1787: Active 
01/12/1787 - 31/07/1788: Active 
01/08/1788 - 15/08/1788: Active 
16/09/1788 - 04/09/1790: Active 
05/09/1790 - 16/11/1790: Active 
 
*The period of repose given by Scandone et al. (1993) was not true repose with activity 
certainly present in the end of 1779 including earthquakes and ash at the summit, 
however after this a true period of quiescence is said to have occurred between 1780 
and 1782 (Scandone et al., 1993), however Nazzaro (1985) in Lirer et al. (2005) states 
that activity recommenced at the summit in December 1781. It is likely therefore that 
this period of repose was actually a period of very minor activity restricted to the 
summit.  
 
Activity increased from 1783 with mild explosions and the formation of a conelet in the 
crater (Alfano and Friedlaender, 1929, Scandone et al., 1993, Lirer et al., 2005).  The 
crater in 1783 is described by Phillips (1869) as being 250ft deep (76m). 
The crater filled with lavas and on 12/10/1784 an overflow occurred and a fracture 
formed on the north side of the cone with effusion until 20/12/1785, forming a 
number of lava flows towards San Sebastiano (Phillips, 1869).  Lirer et al. (2005) states 
that this fracture occurred in August 1785 with lavas into the Fosso della Vetrana, 
whilst Strombolian activity was increasing, and Auldjo (1832) states that this fissure 
occurred in November 1785. Further fissures formed on the northern slopes in January 
1786, with lavas from this on a number of occasions with lava into the Fosso della 
Vetrana and reaching within a mile of Massa di Somma from an effusion at the end of 
1787 (Lirer et al., 2005).  Auldjo (1832) describes the lavas as stopping “several 
hundred yards” into the Fosso della Vetrana (~300m).  Scandone et al. (1993) does not 
include the presence of the fissure, but also gives the increase in Strombolian activity 
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through 1786, and describes the flow through the Fosso della Vetrana and Fosso del 
Faraone to Massa as occurring on 21/07/1787, whilst Phillips (1869) would seem to 
indicate this flow occurred on 31/10/1786 running four miles in six days (0.01m/s), and 
also describe a further overflow into the Atrio del Cavallo from July 1787 to 
21/12/1787.  Alfano and Friedlaender (1929) indicate that the flow almost reaching 
Massa continued from late 1785 to October 1787.  Activity was again restricted to the 
summit until July 1788, when another fracture formed.  Scandone et al. (1993) 
describe the fracture forming in August, and as being of the crater, which would 
indicate it being sub-terminal, but also describe it as forming 1.5 miles (2.4km) from 
the top which indicates lateral formation, and describes “60 smokers” on this fracture 
prior to the formation of a two mile (3.2km) long lava flow.  Alfano and Friedlaender 
(1929) and Lirer et al. (2005) state that the fractures formed in July on the southeast 
side of the cone, with lava flows to the south and occasional Strombolian explosions 
from three vents within the crater. Alfano and Friedlaender (1929) describe this flow 
as ropy.  Phillips (1869) indicate small streams of lava as forming in July 1788 and 
September 1789 but do not give details, and do not mention the apparent increase in 
activity that occurred in 1790.  Again the reports do not completely corroborate each 
other with no mention of fissures in Scandone et al. (1993), whilst the activity is 
described as both overflows and fissure flows in Lirer et al. (2005).  The crater was 
filled by September 1790, when during Strombolian activity two overflows occurred 
(Auldjo, 1832).  Overflows appear to have formed towards Mauro from 5/9 to 17/9/90 
(Scandone et al., 1993, Lirer et al., 2005). Significant explosive activity continued at the 
summit and two fractures opened on the cone to the west and south with effusive 
activity (Lirer et al., 2005), opening on 15/9 and lasting for several months (Alfano and 
Friedlaender, 1929).  Ash columns and pyroclastic flows formed (Lirer et al., 2005). 
 
The slow nature and long-duration of these flows, and the description in Alfano and 
Friedlaender (1929) indicates the probability that largely pahoehoe flow-fields were 
produced. 
 
Vent location: Lateral and summit 
Vents in crater floor: 3 in 1788 in Strombolian activity, just 1 described in 1790 
Lavas:  Fissure flows and overflows 
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Activity: Persistent. Paroxysm at end.  Strombolian and effusive.  
 
Figure 0-28: Lava flow map of 1780-1790. Flows extrapolated from literature.  The true 
dimensions are unknown. Flow 3 is described as reaching 2miles but is absent from all images, 
therefore shown extending beyond the caldera rim but not far.  Flow 1: August 1785-end of 
1785, 0.14 km2, Flow 2: Jan 1786-21/8/1787, 0.8 km2, Flow 3: July/August 1788, 0.53 km2, Flow 
4: 10-12 days, July 1787-21/12/1787, SOFs; Flow 5: 25/9/90-27/9/90, (W):0.62 km2, (S): 
0.14km2. 
 
 
  
1796 - 1804 
 
1790 - 1794 
Dates in Scandone et al. (1993): 
17/11/1790 - 15/06/1794: Active 
16/06/1794 - 05/07/1794: Active 
 
After the explosive end to the 1790 activity Vesuvius entered a period of persistent 
minor activity at the summit, with Strombolian activity (Scandone et al., 1993), raising 
the crater floor but not permitting overflows (Lirer et al., 2005).  A possible vent on the 
cone in 1793 is described in Phillips (1869).  The crater was almost full at the beginning 
of 1794 (Blewitt, 1853).  
 
The precise details of the eruption, as with most, are reported with slight differences 
through the literature.   
Eight days before the eruption, it is reported that a puff of smoke was seen to explode 
from a vineyard above Torre del Greco where the fracture later appeared (Scarth, 
2009), suggesting possible dyke extension and fracture formation in this area prior to 
the main fracture.  Blewitt (1853)describes the earthquake of 12/6 and describes 
smoke being emitted in several places between Torre del Greco and the cone at the 
same time, indicating fracture formation. On 12/6/1794 a large earthquake felt across 
Campania and Naples was felt (Scandone et al., 1993), and the water table was 
affected, with the earthquake attributed not to Vesuvius but to the Apennine system 
by Breislak and Winspeare (1794) in Lirer et al. (2005).  The water table was lowered 
for several days prior to the eruption (Auldjo, 1832), which is a typical precursor, and 
tremor started on 13/6.  Whilst the earthquake was considered as unrelated to the 
Vesuvian system by some, (Scarth, 2009) suggests that the seismic activity affected the 
Vesuvian towns in particular, which would indicate that this earthquake was related to 
magma movement. 
At 2am of 16/6 another strong earthquake occurred along with an explosion and the 
cone fractured to the southwest and northeast with smoke at the crater and lava 
effusion from the southwest fracture through Torre del Greco and into the sea 
(Scandone et al., 1993).  Lirer et al. (2005) report that with the creation of the fracture 
the crater bottom dropped, leading to Vulcanian explosions, likely due to the blockage 
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of the conduit here.  The NE fissure was 2375ft long (725m) producing a lava flow 
237ft wide (72m), from four vents which through Strombolian activity constructed 
cones (Phillips, 1869). It is uncertain this is the NE fracture as they then go on to 
describe this separately, with lava to at least 1 mile (1600m)).  Alfano and Friedlaender 
(1929) describe the fracture to the NE as being in the cone, whilst the SW fracture is 
more truly of the flank, at between 480-120m a.s.l. (Scarth, 2009).  A number of vents 
were active along the fracture to the SW, first with Strombolian activity then purely 
effusive (Lirer et al., 2005) and with lava fountains reported by Scarth (2009).  The 
vents opened progressively lower on the fissure (Blewitt, 1853).  Blewitt (1853),  
Lobley (1868) and Phillips (1869) describes 15 vents on the fracture, and a branching 
flow to Torre del Greco, with a flow front 15ft high (4.6m), but with thicknesses of 24-
32ft (7.3-9.7m) thick elsewhere in the flow, with the exception of the ravines where 
the flow was thicker, reaching the sea in 6 hours. The flow is described in Lobley (1868) 
as being 12-40ft deep (3.6 - 12m).  Della Torre (1805) in Lirer et al. (2005) describes 7 
vents opening on the fracture, and lava flowing rapidly (in four or five hours) into Torre 
del Greco with a width of 2000 palms (500m), length of 21540 palms (5385m), and 
entering the sea by 728 palms (182m), and this is seen in a number of images.  Lirer et 
al. (2005) suggest it takes a few days for the lava to reach the coast, although the other 
accounts indicate a maximum time of 6 hours before the lava enters and destroys 
Torre del Greco (Alfano and Friedlaender, 1929).  Auldjo (1832) explains it takes 8 
hours for the lava to go ~6km. The summit is described as quiet during this flank vent 
phase (Blewitt, 1853), with on the 16/6 the NE fissure developing and emitting the 
flow which did not enter cultivated land (Blewitt, 1853) (suggesting this was restricted 
to the caldera).  A large explosive phase occurred on the 19/6 after the collapse of part 
of the summit into the crater (Auldjo, 1832).  The lavas halted by 20/6 (Lirer et al., 
2005).  The sea was seen boiling 100ft from the lava front (Phillips, 1869; Lobley, 1868) 
suggesting lavas continuing to flow to this point, or fractures extending into the sea. 
Lava from the northeast fracture was in the direction of Torre Annunziata (Scandone et 
al., 1993) and continued for several days (Lirer et al., 2005). Activity became strongly 
explosive after the lava effusion, with significant ash emission and eruption columns, 
and the truncation of the Gran Cono through collapse (Scandone et al., 1993).  
 
1796 - 1804 
 
After the eruption the crater had a circumference of 2200m and depth of 150m, having 
lost 121m height (Scandone et al., 1993).  Blewitt (1853) gives a volume of 46,098,766 
(1.3x106m3), which Phillips (1869) describes as often quoted but revises the volume to 
403,839,216 cubic feet (11.4x106m3). 
 
Vent location: Flank, lateral, summit 
Vents in crater floor: - 
Lavas:  From flank and lateral fractures 
Activity: First persistent, then Paroxysmal. Effusive-Strombolian, strong Strombolian 
and Vulcanian. 
 
Figure 0-29: Lava flow map of 1794. Flow shown as on many maps (see Appendix), particularly 
in Johnston-Lavis (1891)and Rosi et al. (1987), and extrapolated from literature.  The NE flow is 
not illustrated elsewhere, and is drawn here as a standard lateral flow on the basis of this 
being restricted to the caldera. 
1796 - 1804 
 
1796 - 1804 
Dates in Scandone et al. (1993): 
06/07/1794 - 14/01/1796: Repose 
15/01/1796 - 11/08/1804: Active 
 
After the paroxysm of 1794 there was a short period of quiescence followed by a 
return to the persistent intracrateric activity that characterises activity at Vesuvius.  
There was minor activity within the summit, varying in intensity (Lirer et al., 2005) 
building three conelets in November 1803 (Scandone et al., 1993). Blewitt (1853) 
explains the period from 1794 to 1804 as being of “comparative repose”. 
 
Overflows occurred in 1804, showing the crater filled between 1796 and 1804.  The 
crater depth at the end of the 1794 eruption was given as 150m, and on 2/11/1803 it 
was 130m deep. The circumference of the crater after the 1794 eruption was 2200m 
and this is unlikely to have had cause to change before 1804, giving a radius of 350m.  
Using the volume of a paraboloid calculation of ½πr2xheight, crater volume = 
23x106m3.  The loss of 20m depth between 1794 and 1803 will have been due to 
landslides of the crater walls and effusion.  It is calculated using the duration of 
15/01/1796 - 2/11/1803 that 5.9x106m3 was produced, giving an effusion rate of 
0.02m3/s. 
The first overflow occurred on 15/08/1804 indicating that the crater filled by this 
stage, and indicating an increase in activity and intracrateric effusion.17.1x106m3 can 
be inferred as being produced in the 288 days between 2/11/1803 - 15/08/1804, giving 
an effusion rate of 0.69m3/s. 
 
Vent location: Summit 
Vents in crater floor: 3, 1803 
Lavas:  Intracrateric flows 
Activity: Persistent. Effusive and weak Strombolian. 
 
 
1796 - 1804 
 
 
Figure 0-30: Lava flow map of 1796-1804. Lavas were restricted to the summit crater. 
 
 
  
1806 - 1822 
 
1804 - 1806 
Dates in Scandone et al. (1993): 
12/08/1804 - 28/11/1804: Active 
29/11/1804 - 11/08/1805: Active 
12/08/1805 - 19/10/1805: Active 
20/10/1805 - 30/05/1806: Active 
31/05/1806 - 09/06/1806: Active 
 
The crater filled during the persistent activity and there was subsequently an increase 
in activity in 1804, with events such as earthquakes and changes to the water table 
(Phillips, 1869) in the southwest, as well as the retreat of the sea (Alfano and 
Friedlaender, 1929, Scandone et al., 1993).  Further earthquakes occurred in August 
1804 and Strombolian explosions occurred at the summit, leading to an overflow from 
15/08/1804 to 30/09/04 towards Camaldoli (Scandone et al., 1993).  Auldjo (1832) 
gives a different sequence of events, describing the eruption as occurring on 12/8 with 
no accompanying noise or earthquakes.  Blewitt (1853) and Phillips (1869) describes a 
flow to the west from a vent in the cone, and the southern flows as being from a 
lateral opening to the south, where other authors suggest overflows. It is possible that 
sub-terminal vents would be mistaken by some as flows originating as overflows.  
Alfano and Friedlaender (1929) likely correctly describe this as vents within the crater 
and exiting through cracks in the crater walls - suggesting sub-terminal vents or merely 
overflows from these low points.  The main flow occurred from the south on 29/8 
according to Blewitt (1853), with a rapid flow rate, described in Blewitt (1853) as 
covering 0.75mile (1207m) in 4 minutes (5m/s) and then reaching the sea in 5 hours.  A 
new overflow occurred towards Torre del Greco on 22/11/04. Lirer et al. (2005) 
describe four vents within the crater on 7/09/04, two in Strombolian activity and two 
with Vulcanian explosions.   
 
Minor summit activity was persistent throughout the year (Auldjo, 1832), with another 
overflow occurred on 13/02/1805 (Scandone et al., 1993).   
Lirer et al. (2005) do not include information about activity in 1805, and there is 
confusion between accounts as to which flows occurred at which time, however using 
1806 - 1822 
 
primarily Scandone et al. (1993) the following information is available.  Activity greatly 
increased later in 1805 when, following explosive activity, lava fountains occurred to 
75m at 2am on 12/08/1805 producing a fast lava flow that travelled 4 miles in 30 
minutes (3.56m/s), splitting into five flows with one branch towards Torre del Greco 
reaching the sea at 9.45am on 13/08, and two branches towards Camaldoli and two 
towards the Royal Road, with all flows stopping in the evening of 13/08 (Scandone et 
al., 1993). Blewitt (1853) only describes three branches, and describes this as an 
overflow to the SE which descended rapidly, but slowed above Torre del Greco to a 
speed of <0.01m/s.  Phillips (1869) describe not five branches, but three, but agree 
through use iof the map by Le Hon that a flow reached the sea by Torre del Greco.  
Auldjo (1832) and Blewitt (1853) indicate that it does not reach the sea.  Another flow 
occurred from 17-19/08/05 towards Boscotrecase, and the flows became active again 
on 24/08/05, before activity became more explosive at the summit with an ash cloud, 
then another flow on 28/08/05, and another on 5/09/05 towards Torre del Greco 
(Scandone et al., 1993).  Following an earthquake on 12/10/05 very high lava fountains 
formed at the summit, producing another fast flow which reached Torre del Greco, 
with a further flow on the same path on 17/10/05 (Scandone et al., 1993).  Alfano and 
Friedlaender (1929) describe a number of flows through 1805, including very slow 
flows through September and October. 
 
Activity largely decreased until May 1806, when, on 31/05/1806, again following an 
earthquake lava fountains formed at the crater to 100m (Lirer et al., 2005).  Blewitt 
(1853) describes this as an explosive eruption.  Strong explosions occurred, then on 
01/06/06 overflows occurred to the southwest and west, with one towards Camaldoli 
travelling 3.5miles in one hour (1.56m/s), with another flow reaching the sea near 
Torre del Greco (Phillips, 1869; Scandone et al., 1993; Lirer et al., 2005).  Lirer et al., 
(2005) describe these flows as originating at fissures, Auldjo (1832) as from the 
summit.  Following an increase in explosive activity producing an ash cloud, a new flow 
reached 7 miles (11.2km) long on 2/6/06, followed by explosive activity (Scandone et 
al., 1993).  
  
Vent location: Summit 
Vents in crater floor: 4, 1804 (2 in Strombolian, 2 in Vulcanian activity) 
1806 - 1822 
 
Lavas:  Overflows, possible sub-terminal 
Activity: Intense, with persistent between intense episodes. Effusive and Strombolian. 
 
Figure 0-31: Lava flow map of 1804-1806. The flows are attributed to the different years 
variously between maps. Distal flow ends from Rosi et al., (1987), with reference to Philips 
(1869) and Johnston-Lavis (1888). 
 
  
1806 - 1822 
 
1806 - 1822 
Dates in Scandone et al. (1993): 
10/06/1806 - 03/09/1809: Active 
04/09/1809 - 05/09/1809: Active 
06/09/1809 - 10/09/1810: Active 
11/09/1810 - 22/09/1810: Active 
23/09/1810 - 31/12/1811: Active 
01/01/1812 - 28/02/1812: Active 
01/03/1812 - 08/10/1813: Active 
09/10/1813 - 28/10/1813: Active 
29/10/1813 - 28/02/1814: Active 
01/03/1814 - 21/12/1817: Active 
22/12/1817 - 26/12/1817: Active 
27/12/1817 - 30/11/1819: Active 
01/12/1819 - 31/05/1820: Active 
01/06/1820 - 14/01/1822: Active 
15/01/1822 - 22/02/1822: Active 
 
This was a period of largely continuous activity of varying intensity with effusive and 
Strombolian activity at the summit, sub-terminal and lateral vents, producing a 
number of lava flows. 
 
On 04/09/1809 a short flow pooled in the Atrio del Cavallo from a fracture that formed 
on the southeast side of the crater (Phillips, 1869), likely being a sub-terminal vent.  
Lava flows formed from 13/09/1810 towards Resina and Boscotrecase (Scandone et 
al., 1993).  Auldjo (1832) describes this activity, with lavas from sub-terminal vents 
issued towards Ottaviano, Resina and Boscotrecase during Strombolian activity.  
Phillips (1869) does not describe these flows, but instead describes the flow as seen on 
the map of Le Hon which appears to follow the route of the 1767 flow in the Piano 
della Ginestra, but the direction of the flows is confirmed in Alfano and Friedlaender 
(1929) and Lirer et al., (2005) and it is indicated that these flows originated at vents on 
the cone. 
1806 - 1822 
 
A fracture formed on the southeast side of the cone with flows towards Torre del 
Greco in January and February 1812 (Alfano and Friedlaender, 1929; Scandone et al., 
1993).  Auldjo (1832) describes a flow towards Torre del Greco on 1/1/12 as travelling 
3 miles in 8 hours (~0.2m/s). 1812, 1813 and 1814 were dominantly characterised by 
persistent minor Strombolian activity, with some increase in explosivity as in August 
1813 (Phillips, 1869; Scandone et al., 1993), and standard precursors through May and 
into September with the water table being affected, particularly to the southwest and 
a tsunami at Naples (Phillips, 1869).  On 9/10/1813 two “short-lived” lava flows formed 
towards Camaldoli and Viulo and explosive activity took place at the crater (Phillips, 
1869; Scandone et al., 1993).  Explosive activity increased at Christmas 1813 with loud 
explosions and Strombolian activity from two vents in the crater, and two further flows 
towards Fosso Bianco and Viulo (Phillips, 1869; Alfano and Friedlaender, 1929; Lirer et 
al., 2005).  Auldjo (1832) describes this activity as at the summit and sub-terminal 
vents, with an explosive phase. 
Summit activity continued through 1814-1816 with Strombolian explosions and 
intracrateric lavas (Scandone et al., 1993), and lavas described in 1814 towards 
Camadoli (Alfano and Friedlaender, 1929) and in 1816 towards Mauro and Camaldoli 
(Phillips, 1869). 
Fractures formed on the northeast flank effusing lavas towards il Mauro and on the 
southwest with flows towards Torre del Greco on 22/12/1817 (Scandone et al., 1993; 
Lirer et al., 2005).  Although described as fractures of the cone by Scandone et al., 
(1993) and Lirer et al., (2005), Phillips (1869) and Auldjo (1832) describe these flows as 
originating at two small cones within the crater.  Auldjo (1832) describes a flow from a 
fissure half-way up the cone, ponding to the east and flowing out of the caldera to the 
east. Throughout 1818 and 1819 Strombolian activity continued, with lavas indicated 
on the east side of the cone in February 1819 (Scandone et al., 1993; Lirer et al., 2005).  
This flow is described as occurring on the west slope in Alfano and Friedlaender, 
(1929). 
Six vents called the Coutrel vent formed on the northwest side of the crater (sub-
terminal vents), and were active from the beginning of December 1819 (Scandone et 
al., 1993;  Lirer et al., 2005), with these vents producing a lava flow into the Fosso della 
Vetrana in April 1820 (Phillips, 1869).  In January 1820 a fracture formed to the west 
with lavas towards the Salvatore (Alfano and Friedlaender, 1929; Scandone et al., 
1806 - 1822 
 
1993; Lirer et al., 2005).  In December 1820 lava from the northwest flank reached the 
Pedimentina (Phillips, 1869), perhaps being the same effusion described in Lirer et al., 
(2005) as a quiet effusion producing lavas above the Pedimentina.  
Two vents in the crater showed Strombolian activity in October, November and 
December 1821 (Alfano and Friedlaender, 1929; Scandone et al., 1993).  
Once again the precursory symptom of the lowering of the water table occurred in 
early 1822 (Phillips, 1869), and on 07/01/1822 the Coutrel vent collapsed (Scandone et 
al., 1993).  The conelet within the crater is described in Lirer et al., (2005) as collapsing 
in early 1821, and it is unclear whether it was this conelet and/or the Coutrel vent that 
collapsed, as Lirer et al., (2005) also state that this collapse meant activity was 
restricted to sub-terminal/lateral vents. 
 
Vent location: Summit, sub-terminal, lateral 
Vents in crater floor: 2, 1813, 2, 1821 
Lavas:  Overflows, flows from vents on the cone 
Activity: Persistent with intense bursts. Effusive at vents, Strombolian at the summit. 
1806 - 1822 
 
 
Figure 0-32: Lava flow map of 1806-1822. Flows extrapolated from literature with standard 
overflows shown.  Images suggest more extensive flows to the WSW, but these are not 
described in the literature.  Flow G: 5days, 0.65km2, Flow J: No more than 31days, (into 
Salvatore) 0.35km2, 6 lateral flows and 8 standard overflows. 
1822 
 
1822 
Dates in Scandone et al. (1993): 
15/01/1822 - 22/02/1822: Active 
28/02/1822 - 20/10/1822: Active 
21/10/1822 - 16/11/1822: Active 
 
On 23 and 24/02/1822 a lava flow was produced from near the Coutrel vent to the 
northwest, with lava into the Atrio del Cavallo (Phillips, 1869). Alfano and Friedlaender 
(1929) describe this flow as occurring to the west from sub-terminal vents.  Two vents 
opened on 15/01/1822, and in February Strombolian activity with earthquakes and 
lavas continued, decreasing through the year until September when new vents formed 
(Scandone et al., 1993).  The opening of this new vent in the crater was preceded as is 
typical with a lowering of the water table, again mainly to the southwest, and 
explosive activity (Phillips, 1869; Alfano and Friedlaender, 1929; Lirer et al., 2005).   
 
Lavas were effused from the September vent during October, with minor seismic 
activity on 20-21 October (Alfano and Friedlaender, 1929; Scandone et al., 1993).  
Monticelli and Covelli (1823) in Lirer et al., (2005) describe two overflows on 21/10 
towards Torre del Greco and the Salvatore which were restricted to the cone and 
flowed for at least four hours, and Scarth (2009) describes flows to the west into the 
Atrio.  At 1am of 22/10 a lava fountain to 2000ft (600m) formed at the crater and the 
cone fractured to the east (Lirer et al., 2005; Scandone et al., 1993) producing a 
“glowing avalanche” (Scandone et al., 1993) which likely represents a lava flow, as 
described in Alfano and Friedlaender (1929).  Scarth (2009) describes the lava 
fountains as reaching 2000m for 45 minutes. An overflow to the southwest occurred at 
dawn, followed by explosive activity forming eruption columns to about 3km 
throughout the day, with a further flow at 4pm to the east (Scandone et al., 1993).  
Lirer et al., (2005) explain that these explosions were Strombolian and Vulcanian, 
occurring after the principal effusions.  During the night between 22 and 23 October, 
new vents opened in the crater and on the southern flank of the cone towards 
Camaldoli, and at 1am of 23/10 explosive activity increased producing a high column 
(Scandone et al., 1993; Lirer et al., 2005).  These vents are described as opening in the 
1822 
 
“southern and eastern wall” of Gran Cono by Alfano and Friedlaender (1929), and as 
being five vents towards Torre del Greco by Scarth (2009).  There was collapse of the 
Gran Cono (Phillips, 1869; Lobley, 1868; Scandone et al., 1993) and two overflows from 
the crater, one on the Pedimentina to the east which travelled to within a mile of 
Boscoreale, the other pooling in the Piano della Ginestra to the west, with branches off 
towards Torre del Greco and to within a mile of Resina (Phillips, 1869), described in 
Alfano and Friedlaender (1929) as halting two miles from Pugliano.  Lobley (1868) 
describes not two overflows, but one flow, nearly 1 mile wide and significant explosive 
activity producing a volcanic column, this lava flow may have been the accumulated 
lavas at the base of the cone. Another account of the lavas is by Scarth (2009) who 
describes a tongue to the outskirts of Boscotrecase reaching more than 13m thick.  
Large volcanic bombs were thrown to a distance of about 3 miles to the southeast 
(Phillips, 1869).  The lavas are not described by Scandone et al., (1993) who states that 
two columns are produced, as seen in many images, a white column to the west and 
dark to the east, which in the historic images (Figure 97,98 Image Appendix) appears to 
be a vent to the southwest and a summit vent, however Lirer et al., (2005) suggests 
that vents on the eastern fracture produced vulcanian explosions and an eruption 
cloud.  This was followed by continued explosive activity, gradually decreasing until 
mid-November (Scandone et al., 1993).  
 
After the eruption Phillips (1869) describes the Vesuvius cone as being completely 
destroyed, forming a great crater three miles in circumference and of 938ft (285m) 
depth, however the cone is also described as being 300-400ft (~100m) lower than the 
rim of Somma, suggesting the cone was not completely destroyed, and indeed no 
image shows this.  Lobley (1868) describes the top 800ft (243m) of the cone being 
destroyed, leaving the summit no more than 3400ft (1036m) above sea level, whilst 
Scarth (2009) and Lirer et al., (2005) states that the cone lost 93m in height, leaving a 
crater of 216m depth, with a circumference of three miles (4828m).  
 
Vent location: Summit, lateral and sub-terminal vents 
Vents in crater floor: - 
Lavas:  Overflows and flows from vents and fractures 
Activity: Peristent then Paroxysmal. Effusive, violent Strombolian. 
1822 
 
 
Figure 0-33: Lava flow map of 1822. Flow parts from Rosi et al. (1987) and figure 96-102 (Image 
Appendix). Historic images show multiple overflows ponding within the caldera to the south. 
2x SFLs, 3xSOFs.  
 
 
 
1835 - 1839 
 
1822 - 1831 
Dates in Scandone et al. (1993): 
17/11/1822 - 01/07/1824: Repose 
02/07/1824 - 20/08/1831: Active* 
 
*Scandone et al., (1993) gives the end date as 20/09/1831 but starts the next period 
on 14/08/1831.  The dates have been adjusted here for the next period beginning with 
the first overflow.  
 
After the paroxysm of 1822 there was a period of repose of about two years, before 
persistent minor activity returned to the summit crater, with varying intensity 
strombolian and effusive activity gradually filling the crater (Scandone et al., 1993; 
Lirer et al., 2005). A conelet was constructed within the crater (Alfano and 
Friedlaender, 1929; Lirer et al., 2005) during 1828, which in 1831 was visible above the 
crater rim (Lobley, 1868).  Phillips (1869) indicates a fracture in the southeast side of 
the crater leading to a lava flow into the Atrio del Cavallo in 1828, however this text 
appears mistaken and contradictory to itself, and it is believed that during this period 
flows were restricted to the crater. 
 
The first overflow since 1822 occurred on 20/08/1831, showing the crater filled 
completely between 1822 and 1831.  The crater depth at the end of the 1822 eruption 
was given as 285m by Phillips (1869) and 216m by Scarth (2009).  The depth for the 
purposes of calculation will be taken as mid-way between these, at 251m.  The 
circumference of the crater after the 1822 eruption was given as three miles (4828m) 
by Phillips (1869) and Lirer et al., (2005) giving a radius of 768m.  
 
 Using the volume of a paraboloid calculation of ½πr2xheight, crater volume = 
232.55x106m3.  This volume will have been produced during this period, in order to 
lead to overflows.  Using the duration of 02/07/1824 -20/08/1831 the effusion rate 
=1.03m3/s. 
 
Vent location: Summit 
1835 - 1839 
 
Vents in crater floor: 1, 1826 
Lavas:  Intracrateric flows 
Activity: Persistent. Effusive and weak Strombolian. 
 
Figure 0-34: Lava flow map of 1822-1831. Lavas were restricted to the summit crater. 
 
  
1835 - 1839 
 
1831 - 1834 
Dates in Scandone et al. (1993): 
20/08/1831 - 23/12/1832: Active* 
24/12/1832 - 24/05/1833: Active 
25/05/1833 - 15/06/1833: Active 
16/06/1833 - 26/11/1833: Active 
27/11/1833 - 16/01/1834: Active 
17/01/1834 - 21/08/1834: Active 
22/08/1834 - 02/09/1834: Active 
 
An earthquake is noted on 14/08/1831 (Scandone et al., 1993) which may be a 
precursor to increased activity, however there is no obvious increase in intensity, just 
the start of overflows with the crater now full. Overflows began on 20/08/1831 and 
continued at intervals in numerous directions as given below (from Phillips, 1869; 
Scandone et al., 1993; Lirer et al., 2005), principally between the southwest and 
southeast (Lirer et al., 2005).  No vents are reported on the cone during this period, 
with lavas being overflows only, and with one fracture of the summit conelet reported 
by Scandone et al. (1993) towards the southwest on 27/11/1833. 
 
20/08/1831: SE towards Bosco  
18/09/1831: Towards Boscoreale  
20/09/1831: SSE.  Same for all of 1831.  
20/11/1831: SW towards Torre del Greco. 
25/12/1831: WSW towards Resina. 
27/01/1832: SE towards Boscotrecase and Piano delle Ginestre. 
27/03/1832: SE towards Boscotrecase and Piano delle Ginestre. 
23/07/1832: Towards Ottaviano and l’Eremo.  
08/08/1832: W 
October - 15/11/1832: SE towards Bosco. 
16/12/1832 - 23/12/1832: SW towards Torre del Greco.  
28/05/1833 - 29/05/1833: SW towards Torre del Greco,1.5 miles to the Pedamentina. 
12/06/1833: SW towards Torre del Greco. 
1835 - 1839 
 
13/08/1833: SW towards Torre del Greco. 
28/11/1833: Towards l’Eremo. 
16/12/1833: SW towards Resina and Torre del Greco. 
20/12/1833: SW towards Resina and Torre del Greco. 
21/12/1833: SW towards Resina and Torre del Greco. 
January 1834: SW towards Resina and Torre del Greco. 
17/01/1834 - 21/08/1834: Towards Atrio, Boscoreale and Torre del Greco. 
07/06/1834 - ?: Towards Torre Annunziata. 
 
Vent location: Summit 
Vents in crater floor:  
Lavas:  Intracrateric flows and overflows 
Activity: Persistent. Effusive, weak Strombolian. 
 
  
1835 - 1839 
 
 
Figure 0-35: Lava flow map of 1831-1834.  Small section from Rosi et al. (1987) extrapolated, 
with standard overflows (at least 28) shown. X: 12/06/1833, 2 days, marked on Rosi et al., 
1987 as 1824-1850. 
 
  
1835 - 1839 
 
1834 
Dates in Scandone et al. (1993): 
22/08/1834 - 02/09/1834: Active 
 
Activity increased in August 1834, with lowering of the water table in the wells in mid-
August (Lirer et al., 2005).  Two cones had formed within the crater, showing the 
presence of two vents, one of which was in Strombolian activity on 22/08/1834 
(Phillips, 1869).  Blewitt (1853) describes the eruption as beginning with a series of 
violent explosions.  A lava flow formed on 23/08/1834 from the “foot of the great cone 
on its western side” reaching the Canteroni and heading towards the Hermitage 
(Phillips, 1869) suggesting the formation of a lateral vent or fracture here.  Blewitt 
(1853) indicates this was an overflow, which ceased in the Atrio del Cavallo, and this is 
not described elsewhere.  With an earthquake and crater collapse an eruption column 
formed at the crater on 23/08/1834 (Scandone et al., 1993), with Phillips (1869) 
describing the conelets collapsing on 24/08/1834.  The crater floor fractured in an 
east-west trend forming 10 small cones (Lirer et al., 2005), from the historical images it 
is unclear whether this was truly within the crater or the caldera, as subsequent vents 
are clearly sub-terminal to lateral in nature, however Alfano and Friedlaender (1929) 
indicate a number of cones forming within the crater. Four vents opened on the 
eastern side of the crater on 24/08/1834, and from here a lava flow was issued on 28-
29/08/1834 towards Poggiomarino - called the Caposecchi flow (Scandone et al., 
1993).  The lavas are said to have issued from one of the vents, on 25/08/1834, in the 
direction of Boscotrecase and Mauro, continuing through 29/08/1834 (Lirer et al., 
(2005)).  The vents are described merely as a “new opening on the eastern side” by 
Phillips (1869), not confirming whether this was a lateral or sub-terminal eruption, but 
by Alfano and Friedlaender (1929) as opening in the eastern wall of the cone and 
shown on Johnston-Lavis (1891) as being at the base of the Gran Cono within the 
crater, corroborating that this was a lateral vent system.  Lirer et al. (2005) explains 
how out of the two branches, the northern branch flowed further, inundating 
Caposecchi, described by Phillips (1869) and Lobley (1868) as destroying 496 of the 500 
houses in the town.  Phillips (1869) describes the Caposecchi flow as being ½ mile wide 
(800m), 15-18ft deep (4.6-5.5m) and active for 8 days.  Blewitt (1853)describes the 
1835 - 1839 
 
lavas as active for 8 days, reaching a depth of 5.4-9.1m. Lobley (1869) describes the 
flow as 9 miles long (14.5km). 
 
The crater is described as sinking after the eruption into a “double abyss, divided by a 
narrow ridge of lava” in Phillips (1869), suggesting two fractures. 
 
In the literature the flow thickness is described as 4.6-5.5m, and this flow is visible in a 
working quarry, however the identification of the flow is debatable, with two clear 
flows present in the quarry.  The 1987 geological map would suggest that the lower 
flow corresponds with the 1701 or 1817 flow and the upper is 1834, whilst it seems 
likely the lower flow is in fact the 1834 flow and the upper the 1839.  In either case, 
the flow cannot be accessed but can be estimated at 3-4m thick. 
 
Vent location: Summit and lateral 
Vents in crater floor: 2 
Lavas: From lateral vents 
Activity: Intense to Paroxysmal. Effusive at the vents, Strombolian or Vulcanian at the 
summit. 
 
1835 - 1839 
 
 
Figure 0-36: Lava flow map of 1834. Distal flow from Rosi et al. (1987), Johnston-Lavis (1888), 
and extrapolated.  
 
  
1835 - 1839 
 
1835 - 1839 
Dates in Scandone et al. (1993): 
03/09/1834 - 31/12/1834: Repose* 
01/01/1835 - 31/12/1838: Active 
01/01/1839 - 03/01/1839: Active 
 
*The period of repose following the 1834 event is unclear, as there is some description 
of very weak intracrateric activity.  Lirer et al. (2005) state that the vent was blocked by 
the collapse of the conelet, and that during the repose period Imbò (1954) states 
cones formed within the crater. 
 
From 1835 to 1838 persistent activity returned to the crater, with activity varying in 
intensity from effusive to Strombolian, including the formation of lava fountains, but 
remaining minor (Scandone et al., 1993; Lirer et al., 2005).  Phillips (1869) reports 
overflows occurring on 06/03/1838, suggesting that once again the crater had re-filled 
with material.  Blewitt (1853) describes the overflows as narrow and slow-moving 
during Strombolian activity, which persisted until 1839. 
 
Activity increased at the end of 1838, with an overflow from the crater on 31/12/1838 
followed by a dark eruption column at dawn of 01/01/1839 with a lava flow to the 
west (Scandone et al., 1993; Lirer et al., 2005).  Scandone et al. (1993) and Lirer et al. 
(2005) describes the cone fracturing between 01/01/1839 and 04/01/1839 to the east 
and west with lava effusion towards Boscotrescase and the west, with a high eruption 
column from Vulcanian explosions, and lava fountains to 400m, whilst Phillips (1869) 
does not mention fractures, and instead describes overflows to the Fosso Grande in 
the west and toward Ottaviano.  Blewitt (1853) describes an overflow through the 
Fosso Grande to the west.  Lirer et al. (2005) states that with the end of the effusive 
activity, intense Strombolian activity with fountains occurred and explosions continued 
until 03/01/1839.  Activity decreased on 04/01/1839 and could be considered over on 
05/01/1839 (Lirer et al., 2005). 
 
1835 - 1839 
 
After the eruption of 1839 the crater is described as funnel shaped 300ft deep (90m) 
by Phillips (1869), but as reaching 285m deep with a diameter of 700m (Scandone et 
al., 1993). 
 
Vent location:  Summit and lateral 
Vents in crater floor: - 
Lavas: Overflows and flows from fissures on the cone 
Activity: Persistent then Paroxysmal in final days. Effusive and Strombolian, Vulcanian. 
 
Figure 0-37: Lava flow map of 1835-1839. Distal flow from Rosi et al. (1987), extrapolated and 
standard overflows (3) and (1) lateral flow shown.  Figure 114,117 show an overflow or 
fracture flow to the west (as shown in the map), but Figure 116 indicates a flow channelled 
from the NE and westwards. 
 
 
1841 - 1850 
 
1841 - 1850 
Dates in Scandone et al. (1993): 
04/01/1839 - 19/09/1841: Repose 
20/09/1841 - 04/02/1850: Active 
 
After a period of quiescence mild activity returned to the summit, following the typical 
precursor of lowering of the water in the wells to the southwest in August 1841 
fractures formed on the crater floor and the construction of a conelet began (Alfano 
and Friedlaender, 1929; Lirer et al., 2005).   Effusive to Strombolian activity of varying 
intensity occurred at the summit throughout 1841-1850 (Scandone et al., 1993) 
gradually filling the crater until in autumn 1845 it is described as filled to the point at 
which overflows could occur (Alfano and Friedlaender, 1929; Scandone et al., 1993; 
Lirer et al., 2005).  Between 1845 and 1849 overflows occurred, often seen to be 
corresponding with changes in water levels in the Vesuvian district (Lirer et al., 2005).  
The lavas during this persistent activity contain leucite phenocrysts (Blewitt, 1853).  
Blewitt (1853) describes a small vent in Strombolian activity on the flanks, but does not 
elaborate as to where this occurred.  Smoke rings are described in 1846 by Alfano and 
Friedlaender (1929). 
 
After the eruption of 1839 the crater is described as funnel shaped 300ft deep (90m) 
by Phillips (1869), but as reaching 285m deep with a diameter of 700m by Pilla and 
Baratta in Scandone et al. (1993).  The depth of the crater for the purposes of volume 
calculation will be taken as mid-way between the two values given, at 188m, with a 
radius of 350m.   
 
 Using the volume of a paraboloid calculation of ½πr2xheight, crater volume = 
36.18x106m3.  The crater filled between 20/09/1841 and Autumn 1845, which for the 
purposes of calculating effusion rate will be taken as 01/09/1845, a duration of 1443 
days = effusion rate  of 0.29m3/s. 
 
Overflows occurred (from Phillips, 1869; Alfano and Friedlaender, 1929; Lirer et al., 
2005):  
1841 - 1850 
 
January 1846: To the NW 
July 1846: To the E 
1846: Towardes Fosso della Vetrana, Salvatore, Piano della Ginestre, Boscotrecase and 
Ottaviano 
1847: Towards Piano della Ginestre 
13/11/1847: Overflows towards Ottaviano, towards Bosco Reale and towards Torre del 
Greco 
4/6/1848: Reached Fosso della Vetrana 
10/01/1849: Sub-terminal vent with lava to the forest of Ottaviano. 
February 1849: Lavas towards Ottaviano and east threatening the Casina del Principe 
d'Ottajano, and another branch headed towards Torre Annunziata.  Unknown distal 
ends of flow, but would seem that it did succeed at leaving the caldera and 
overlapping Caposecchi lavas. 
 
Activity increased towards the end of 1849, with strong explosions and again changes 
in the water table to the southwest (Lirer et al., 2005). 
 
Vent location:  Summit and sub-terminal 
Vents in crater floor: - 
Lavas: Overflows and flows from sub-terminal vents 
Activity: Persistent.  Effusive, mild Strombolian. 
 
 
1841 - 1850 
 
 
Figure 0-38: Lava flow map of 1841-1850. Flow section from Rosi et al. (1987) with flows 
extrapolated and standard overflows (11) shown based on literature. Area 1847: 0.34km2, 
1848 0.37km2, 1849 0.67km2. 
 
  
1854 - 1855 
 
1850 
Dates in Scandone et al. (1993): 
05/02/1850 - 16/02/1850: Active 
 
The crater was full, and by February 1850 the central conelet had grown to a 
significant height, 70ft (21m) above the highest point of the crater rim, with a crater 
100ft (30m) deep (Blewitt, 1853, Phillips, 1869).  Fractures formed on the Gran Cono 
on 05/02/1850 on the north flank with a rapid lava flow into the Atrio del Cavallo, 
which funnelled by Somma then travelled to the east (Alfano and Friedlaender, 1929; 
Scandone et al., 1993; Lirer et al., 2005). Scacchi (1850) in Lirer et al. (2005) explained 
that the fracture started as a cave half-way up the cone which showed fumarolic 
activity before lava burst from here with a loud noise, rapidly entering the Atrio del 
Cavallo before slowly expanding and advancing towards the east.  Strombolian activity 
was ongoing at the crater whilst the effusion at the lateral vents was ongoing (Phillips, 
1869).  Scandone et al. (1993)  and Lirer et al. (2005) and also describe a further 
fracture at the base of the cone with a small flow, but do not give a location for this, 
with the exception of describing that it was close to the initial fracture.  Phillips (1869) 
describes how three flows formed from the fractures, two towards Ottaviano and a 
third to the east towards Boscoreale.  Figures 119, 120 (Image appendix) show a 
number of vents on one fracture, and these are described as forming between the 
07/02/1850 and 08/02/1850 with Strombolian activity at the vents and Vulcanian 
activity at the summit.  The lava towards Boscoreale is described by Lobley (1868) and 
Phillips (1869) as being a broad stream, 1.5mile (2.4km) wide, and the front in Blewitt 
(1853) as 3.6m deep.  On 07/02/1850 and 09/02/1850 the lava flow to the east 
increased (Scandone et al., 1993) and between 08/02/1850 and 09/02/1850 a further 
fracture opened, in the same location as the first fracture, and two cones formed at 
the base of the cone (Lirer et al., 2005).  A fracture to the north developed with the 
sinking of the crater floor and Vulcanian explosions on 10/02/1850, with a lava flow 
that stopped that day, along with all the flows (Lirer et al., 2005). From 09/02/1850 
activity varied in intensity, producing ash clouds and strong explosions at times 
through Strombolian and Vulcanian activity until 16/02/1850 (Scandone et al., 1993; 
Lirer et al., 2005;), with lavas continuing until 10/02/1850. 
1854 - 1855 
 
 
At the end of the eruption, the morphology of the cone had changed with collapse of 
the conelet into two craters (Scandone et al., 1993) with the crater 150ft (46m) deep 
and 2 miles (3220m) in circumference (Blewitt, 1853, Phillips, 1869). 
 
Vent location: Summit, lateral 
Vents in crater floor: - 
Lavas: Flows from lateral fractures and vents 
Activity: Intense to paroxysmal. Effusive to Strombolian at vents, Strombolian to 
Vulcanian at the summit. 
 
Figure 0-39: Lava flow map of 1850. Flow from Johnston-Lavis (1891)and extrapolated from 
historical images. 3 standard lateral flows shown. 
1854 - 1855 
1854 - 1855 
 
Dates in Scandone et al. (1993): 
17/02/1850 - 13/12/1854: Repose 
14/12/1854 - 30/04/1855: Active 
01/05/1855 - 27/05/1855: Active 
 
After a period of quiescence, activity began anew with the collapse of the crater on 
14/12/1854 forming a funnel 80m deep (Scandone et al., 1993). This funnel is 
described in Lirer et al. (2005) as being located in one part of the crater, near the Punta 
del Palo, and Alfano and Friedlaender state that this formed in the northwest crater, to 
a depth of 100m with a diameter of 100m.  This is shown in Figures 28-30 (Map 
Appendix) and shows two large depressions, suggesting the possibility of three vents 
within the crater.  Activity then returned to persistent minor effusions at the summit, 
and is described in Lirer et al. (2005) as having no explosions between 1850 and 1855.  
 
Significant earthquakes occurred in January 1855 with the formation of a “large 
fissure” on the north flank of the Gran Cono (Phillips, 1869).  Smoke was issued in April 
1855 with explosive activity between 30/04/1855 and 01/05/1855 (Scandone et al., 
1993) and lava visible within the crater (Scandone et al., 1993; Lirer et al., 2005).  On 
01/05/1855 10 vents formed on the January fissure (Phillips, 1869) with Strombolian 
and effusive activity and a lava flow into the Atrio del Cavallo (Phillips, 1869; Scandone 
et al., 1993; Lirer et al., 2005).  The fissure is described by Alfano and Friedlaender 
(1929), Scandone et al. (1993) and Lirer et al. (2005) as forming on 01/05/1855, not in 
January as in Phillips (1869).  Guarini (1855) in Lirer et al. (2005) describes Strombolian 
activity at the upper vents forming small cones, whilst the lower vents demonstrated 
effusive activity.  The lava is described by Lobley (1868) and Phillips (1869) as having 
“remarkable fluidity” for an extended length of time.  Lavas were channelled down the 
Fosso della Vetrana and Fosso Faraone reaching San Sebastiano and Massa di Somma 
(Lobley, 1868; Phillips, 1869; Alfano and Friedlaender, 1929; Scandone et al., 1993).  
The flows reached San Sebastiano and Massa di Somma within 1 day, with further 
flows in the same direction on 06/05/1855 and 07/05/1855 (Scandone et al., 1993), 
however this is contradicted by Lirer et al. (2005) where it is stated that the flows 
reached San Sebastiano and Massa di Somma on 07/05/1855, 7 days into the eruption.  
Scandone et al. (1993) describes the flows as reaching ½ mile (~800m) distant from 
1854 - 1855 
 
Cercola on 08/05/1855, whilst Lobley (1868) states the flows reached Cercola.  A 
branch advanced towards San Giorgio a Cremano (Lobley, 1868; Phillips, 1869).  
Phillips (1869) describes the lavas as “in motion for 28 days”, whilst Lirer et al. (2005) 
indicates the flows lasted for 27 days.  A’a flows are observed in the field from this at 
4.9m thick.  Activity at the summit was minimal (Lirer et al., 2005; historical images).   
 
After the eruption of 1855 the crater gradually filled with two small conelets forming 
(Phillips, 1869). 
 
Vent location: Lateral 
Vents in crater floor: 3, 1854 
Lavas: Lateral 
Activity: Intense. Effusive and Strombolian at lateral vents.  
 
1854 - 1855 
 
 
Figure 0-40: Lava flow map of 1855. Distal ends from Rosi et al. (1987) extrapolated from 
literature and images. 
 
 
1858 - 1861 
 
1855 - 1858 
Dates in Scandone et al. (1993): 
28/05/1855 - 18/12/1855: Repose 
19/12/1855 - 26/05/1858: Active 
 
After a short repose period, comprising earthquakes and fumarolic activity (Lirer et al., 
2005) the crater underwent collapse to the north on 19/12/1855 with explosive 
activity (Scandone et al., 1993; Lirer et al., 2005).  Alfano and Friedlaender (1929) 
discuss one vent being active within the crater from this time until the end of 1857. 
Vulcanian activity occurred at the end of December 1855 into January 1856, being 
characterised by no incandescence suggesting a lack of juvenile material (Lirer et al., 
2005).  Throughout 1856 and 1857 activity continued at the summit (Scandone et al., 
1993; Lirer et al., 2005), with the construction of a conelet within the crater and three 
vents active at the edge of the crater (Lirer et al., 2005). The crater filled, and the first 
overflow occurred in April 1857 to the east towards Ottaviano, with another overflow 
in August 1857 to the north, continuing until September (Alfano and Friedlaender, 
1929; Scandone et al., 1993; Lirer et al., 2005).  Explosive activity occurred in October 
1857 with the collapse of the conelet and lava fountains (Scandone et al., 1993). 
 
Vent location: Summit 
Vents in crater floor: 4, 1857 
Lavas:  Intracrateric and overflows 
Activity: Persistent. Effusive, Strombolian and Vulcanian 
 
1858 - 1861 
 
 
Figure 0-41: Lava flow map of 1855-1858. Standard overflows shown.  
 
  
1858 - 1861 
 
1858 - 1861 
Dates in Scandone et al. (1993): 
27/05/1858 - 12/04/1861: Active 
 
With no break in activity, vents opened in the Piano delle Ginestre. At this stage the 
crater is likely to have been still largely filled with lavas.  This eruption is linked by 
some with large earthquakes that struck southern Italy in January 1858, killing 
thousands in Naples and the surrounding area (Phillips, 1869; Harper’s Weekly, July 
17th 1858).  Also described in Harper’s Weekly is a period of local climate change 
which led to the flowering of trees and ripening of fruit in the winter months of 1857, 
with unusual weather in May.  This may be indicative of a hot magma body within the 
edifice producing local climate changes.  
 
Lateral fractures and vents opened in the Piano delle Ginestre (Lobley, 1868; Phillips, 
1869; Alfano and Friedlaender, 1929; Scandone et al., 1993; Lirer et al., 2005) on 
27/05/1858 to the west, north and east (Alfano and Friedlaender, 1929; Lirer et al., 
2005) in the Piano delle Ginestre and Atrio del Cavallo (Lirer et al., 2005).  11 vents are 
described by Scandone et al. (1993), whilst Phillips (1869) describes 7, whilst Abatino 
(1989) states that six radial fissures developed on the northwestern side of the 
volcano.  Lavas flowed to the Hermitage, into the Fosso Grande, and towards Resina 
and Pompeii (Lobley, 1868; Phillips, 1869; Alfano and Friedlaender, 1929; Lirer et al., 
2005).  Lava is described as forming a flow of a few kilometers within hours by Palmieri 
(1880) in Lirer et al. (2005), and this and the description in Phillips (1869) of the surface 
of the flow suggests a’a flows were formed at least on one occasion, however field 
studies show dominantly pahoehoe flows.  Lirer et al. (2005) states that the most 
active fracture was towards the west, and that at some vents small cinder cones 
formed, suggesting minor Strombolian activity.  Further vents opened 600m higher 
than the original vents in the Piano delle Ginestre after these original vents ceased to 
be active in March 1860, with new lava effusions (Alfano and Friedlaender, 1929; Lirer 
et al., 2005).  Activity was intermittent, feeding lava flows in pulses (Phillips, 1869; 
Scandone et al., 1993) until March or April 1861 (Scandone et al., 1993).  Activity at the 
summit was minimal.  
1858 - 1861 
 
Mounds of the 1858 pahoehoe lava are visible and reach 10’s of metres in height.  In 
the eruptive history, it is said that one valley is filled to a depth of 100m, in other 
places, the thickness of the lava is less than 10m. The lava did not pour out as one thick 
sheet however, but the flow is instead comprised of multiple tongues of lava which are 
relatively thin, with the maximum thickness seen in the field being roughly 0.30m.   
 
Palmieri (1862) in Lirer et al. (2005) and Alfano and Friedlaender (1929) states that 
about 120 million cubic meters of lava was produced during this eruption.  Using the 
area calculated here, this would mean an average thickness of about 30m.   
 
Vent location: Lateral 
Vents in crater floor:  -  
Lavas:  Flows from lateral vents 
Activity: Persistent. Effusive, some Strombolian.  
 
1858 - 1861 
 
 
Figure 0-42: Lava flow map of 1858-1861. Outcrops from Rosi et al. (1987) and Johnston-Lavis 
and extrapolated. 
  
1861 
 
1861 
Dates in Scandone et al. (1993): 
13/04/1861 - 07/12/1861: Active 
08/12/1861 - 31/12/1861: Active 
 
The summit crater is said to have undergone persistent activity after the closure of the 
1858 vents, filling it and occasionally emitting ash (Phillips, 1869).  A strong earthquake 
struck Torre del Greco on 05/12/1861 (Alfano and Friedlaender, 1929; Scandone et al., 
1993; Lirer et al., 2005), and the water level in wells in the city rose (Lirer et al., 2005), 
when normally they are recorded as falling before an eruption.  Alfano and 
Friedlaender (1929) describe how the fountain rose, and gas could be heard gurgling 
through the water, pushing the water levels up.  Seismic activity continued, increasing 
in intensity with time (Scandone et al., 1993; Lirer et al., 2005) and in frequency 
(Alfano and Friedlaender, 1929). 
On 08/12/1861 a fracture formed low on the flanks at approximately 290m a.s.l. about 
2km from Torre del Greco (Alfano and Friedlaender, 1929; Scandone et al., 1993; Lirer 
et al., 2005) measuring about 2000m in length (Phillips, 1869).  This fracture aligned 
ENE-SSW (Alfano and Friedlaender, 1929; Scandone et al., 1993), or NE-SW (Lirer et al., 
2005).  This fracture, or system of fractures extended into the sea, through Torre del 
Greco, causing significant damage here (Lobley, 1868; Alfano and Friedlaender, 1929; 
Scandone et al., 1993; Lirer et al., 2005), with the “ground fissured in all directions” 
(Phillips, 1869) and volcanic gases emitted in town, as well as the raising of the coast 
by 1m here (Phillips, 1869; Alfano and Friedlaender, 1929; Scandone et al., 1993; Lirer 
et al., 2005).  11 vents formed on the upper section of the fracture (Lobley, 1868; ; 
Phillips, 1869; Alfano and Friedlaender, 1929; Scandone et al., 1993; Lirer et al., 2005).  
Lirer et al. (2005) describe the vents as first hosting explosive activity and then 
effusion, whilst also quoting Palmieri (1874) who appears to state that small amounts 
of lava were effused straight away lasting for only a short time.  Lobley (1868) and 
Phillips (1869) state that 10 of the vents in fact showed explosive activity, and only one 
emitted lavas towards Resina and Torre del Greco.  The accounts do agree that the 
activity at these vents was primarily explosive, forming an eruption column over the 
fracture.  Alfano and Friedlaender (1929) state that the lava was effused from the 
1861 
 
lower vents, but did not flow far enough to enter inhabited areas, and whilst most 
accounts seem to suggest that lavas were only moderate, Abatino (1989) describes 
“jets of very fluid lava” at the vents.  A’a lavas are seen in the field, and the flows 
appear to have formed within a day, which indicates a high effusion rate.  With this 
initial flank eruption, activity was absent to  mild at the crater (Scandone et al., 1993; 
Lirer et al., 2005), increasing on 09/12/1861 with Vulcanian explosions which caused 
the collapse of part of the crater walls (Alfano and Friedlaender, 1929; Lirer et al., 
2005), perhaps blocking the conduit here, as activity increased then at the flank vents 
with ash emission until 31/12/1861 and once again halted at the crater (Alfano and 
Friedlaender, 1929; Lirer et al., 2005).  Scandone et al. (1993) would indicate more 
explosive activity at the crater, on several occasions and until 31/12/1861, indicating 
perhaps that Vulcanian explosions occurred with vent clearing at the crater 
occasionally.  Further earthquakes occurred on 11/12/1861 and 16/12/1861, and on 
the 16/12/1861 and 17/12/1861 the sea was reported to “boil” 1500m off the coast of 
Torre del Greco (Scandone et al., 1993).  This may be the result of gas escape through 
the fracture system that is described as extending into the sea, or submarine eruptions 
from vents on the fracture system.  There is report of the mass death of fish in the sea 
at Torre del Greco on 08/12/1861 (Palmieri, 1874, in Lirer et al., 2005), suggesting that 
there was significant activity on the  fracture, and venting of gases at vents within 
Torre del Greco may be inferred (Figure 129 Image Appendix). 
 
Vent location: Flank and summit 
Vents in crater floor: - 
Lavas:  From lower flank vents 
Activity: Persistent at first, paroxysm after crater filling. Strombolian to Vulcanian, 
lower vent in effusive activity. Minor activity at the summit. 
 
1861 
 
 
Figure 0-43: Lava flow map of 1861. Flow from and submarine vents from Johnston-Lavis 
(1891) and Figure 34 (Palmieri in Alfano and Friedlaender (1929), Map Appendix. 
 
 
 
1867 - 1868 
 
1864-1867 
Dates in Scandone et al. (1993): 
01/01/1862 - 09/02/1864: Repose* 
10/02/1864 - 14/11/1867: Active 
 
*The repose period as given in Scandone et al. (1993) is not true repose for the 
duration, as even in their text they list activity as occurring in January, May and June 
1682, and Lirer et al. (2005) also reports minor activity until June 1862 at the summit 
crater.  Lirer et al. (2005) also describe how the crater reaches 750m in circumference 
in 1862.  
 
Activity resumed in the crater with the typical persistent minor Strombolian eruptions, 
constructing a conelet from 10/02/1864 (Scandone et al., 1993; Lirer et al., 2005).  This 
activity is described as starting a year later in 1865 by Palmieri (1868) in Lirer et al. 
(2005) and Phillips (1869).  Strong Strombolian explosions are reported, widening the 
crater to 900m (Phillips, 1869) and intracrateric lavas were effused during 1865 to 
1867 (Phillips, 1869; Alfano and Friedlaender, 1929; Scandone et al., 1993).  Lirer et al. 
(2005) describes overflows as beginning in March 1867, but the quote they base this 
information on from Palmieri (1868) appears to be discussing not an overflow but a 
flow from a fracture, which occurs in 1868. 
 
Vent location: Summit 
Vents in crater floor: - 
Lavas:  Intracrateric flows 
Activity: Persistent. Mild Strombolian, effusive. 
 
 
1867 - 1868 
 
 
Figure 0-44: Lava flow map of 1864-1867. Lavas were restricted to the summit crater. 
 
  
1867 - 1868 
 
1867 - 1868 
Dates in Scandone et al. (1993): 
15/11/1867 - 31/05/1868: Active 
 
This period could actually be considered as starting a few days earlier, when activity 
underwent an increase at the summit.  Seismic activity occurred from October 1867, 
with continuous tremor from 08/11/1867 to 12/11/1867 (Alfano and Friedlaender, 
1929; Scandone et al., 1993) and lava fountains at the crater on 12/11/1867 (Scandone 
et al., 1993). Strombolian activity with incandescent spatter built up one main conelet 
in the crater, surrounded by four smaller conelets, all active simultaneously, and 
growing until the entire crater was filled with the new conelet and lavas, and the four 
smaller vents still being seen (Phillips, 1869).  Scandone et al. (1993) reports that the 
crater was 120m deep, and was filled from 15/11/1867 with overflows at the end of 
November.  Using the crater circumference given by Phillips (1869) of 900m in 1865, 
the volume can be estimated.   
 
The crater in 1865 is described as being 900m in circumference by Phillips (1869), and 
it can be assumed that in the period between 1865 and 1867 there will have been little 
change to this.  The depth on 15/11/1867 is given by Scandone et al. (1993) as being 
120m.  Using a radius of 143m and this depth and the volume of a paraboloid 
calculation, it is possible to calculate the volume produced between 15/11/1867 and 
30/11/1867. 
 
 Using the volume of a paraboloid calculation of ½πr2xheight, crater volume = 
3.85x106m3.  The crater filled rapidly leading to an overflow at the end of November, 
so using a duration of 15 days = effusion rate of 2.97m3/s. 
 
Lava overflows occurred at from the end of November into January 1868 towards the 
southeast (Scandone et al., 1993), with further, multiple overflows described by 
Phillips (1869) as covering the cone between the south and west with up to 13 flowing 
from the crater rim which was “perforated as a sieve”.  There was a short pause in 
overflows, whilst Strombolian explosions continued at the summit, before earthquakes 
1867 - 1868 
 
on 20 and 21/01/1868 and a new overflow on 26/01/1868 blanketing the western 
flank of the cone above Torre del Greco (Phillips, 1869) lasting until February 1868 
(Scandone et al., 1993).  In March there was a further increase in activity, once again 
accompanied by earthquakes from 08/03/1868 with ash emission at the summit 
(Phillips, 1869; Scandone et al., 1993).  On 11/03/1868 the cone fractured to the 
southeast towards Boscoreale (southeast according to Phillips, 1869; east according to 
Alfano and Friedlaender, 1929; ESE according to Scandone et al., 1993; Lirer et al., 
2005), splitting the cone “from top to bottom” (Phillips, 1869).  Lirer et al. (2005) 
describe the fracture as 400m long with two lava flows towards Boscoreale, whilst 
Phillips (1869) and Alfano and Friedlaender (1929) describe a broad flow being issued, 
lasting for 8 days (Scandone et al., 1993; Lirer et al., 2005).  Strombolian activity 
continued at the summit, and further overflows continued until May 1868 (Lirer et al., 
2005), with flows to the north, northwest, into the Atrio del Cavallo, and to the west 
towards the Crocelle (Phillips, 1869). 
 
Vent location: Summit, sub-terminal and lateral 
Vents in crater floor: 5, strombolian, 1867 
Lavas: Overflows and flows from fractures 
Activity: Persistent to intense. Effusive, mild Strombolian. 
 
  
1867 - 1868 
 
 
Figure 0-45: Lava flow map of 1867-1868. Distal flow from Rosi et al. (1987) extrapolated with 
standard overflows (19)(1 lasted 6 days) and 1 lateral flow (8 days) shown. 
 
  
1868 
 
1868 
Dates in Scandone et al. (1993): 
01/06/1868 - 14/11/1868: Active 
15/11/1868 - 26/11/1868: Active 
 
Persistent Strombolian activity continued at the summit between June and November 
1868, with an increase in intensity in November fracturing the conelet and leading to 
an overflow towards the Atrio del Cavallo (Lirer et al., 2005) indicating the crater was 
once again filled to the brim.  
 
A fracture formed on the northwest flank of the Gran Cono on 15/11/1868 (Alfano and 
Friedlaender, 1929; Scandone et al., 1993; Lirer et al., 2005).  This fracture is described 
as occurring close to the 1855 vents by Scandone et al. (1993), and as in the direction 
of the Punta Nasone by Lirer et al. (2005) which suggests the fracture was oriented 
more to the north than the northwest.  Lirer et al. (2005) go on to describe the fracture 
as reaching its maximum width in the Atrio del Cavallo and running the height of the 
cone, with lava effusion from the lower vents.  The lava formed a stream into the 
Fosso della Vetrana and on into the Fosso Faraone and lasted for 8 days whilst 
explosive activity continued at the summit (Scandone et al., 1993; Lirer et al., 2005).  
Palmieri (1880) in Lirer et al. (2005) states how cones formed on the fracture, in radial 
alignment with significant effusion, which may indicate minor Strombolian activity at 
the vents, or effusive with initial spatter constructing the cones.   A large eruption 
column is described at least once at the summit crater through Vulcanian explosions, 
after the lava effusion (Alfano and Friedlaender, 1929; Scandone et al., 1993; Lirer et 
al., 2005). 
 
In the literature it is stated that 6 million cubic metres of lava was effused during this 
eruption (Alfano and Friedlaender, 1929; Scandone et al., 1993; Lirer et al., 2005), 
suggesting a flow thickness of about 6m.  This gives an effusion rate of 8.7m3/s. 
 
Vent location: Lateral and summit 
Vents in crater floor: - 
1868 
 
Lavas:  From lateral vents 
Activity: Persistent, then intense to paroxysmal. Effusive and Strombolian at lower 
vents, Vulcanian at summit. 
 
 
Figure 0-46: Lava flow map of 1868. Extrapolated on basis of Figure 38 (Map Appendix). Flow 
lasted 8 days. 
  
1870 – 1872 
 
1870 - 1872 
Dates in Scandone et al. (1993): 
27/11/1868 - 30/11/1870: Repose* 
01/12/1870 - 12/01/1871: Active 
13/01/1871 - 30/04/1871: Active 
01/05/1871 - 23/04/1872: Active 
 
*After the eruption of 1868 a period of quiescence commenced, with activity 
beginning again in November 1870.  Lirer et al. (2005) describes how Palmieri (1872) 
saw minor Strombolian activity beginning in the autumn of 1870, suggesting that 
activity may have recommenced earlier than the end of November, and Alfano and 
Friedlaender (1929) discuss explosions in October that would support this, however 
Palmieri and Mallet (1873) does not describe this, instead just citing fumarolic 
emissions.   
 
Activity commenced with the typical mild Strombolian and effusive activity at the 
summit, and in January 1871 there was an increase in activity with fractures opening 
within the crater (Lirer et al., 2005). Fractures then formed high on the north flank of 
the Gran Cono with lava effusion on 13/01/1871 (Palmieri and Mallet, 1873; Alfano 
and Friedlaender, 1929; Scandone et al., 1993; Lirer et al., 2005) and the construction 
of a small conelet on the fracture (Palmieri and Mallet, 1873).  The lava was restricted 
to the cone, continuing until March 1871 when activity intensified and a flow formed 
into the Atrio del Cavallo in the direction of the Crocelle (Palmieri and Mallet, 1873; 
Lirer et al., 2005).  Alfano and Friedlaender (1929) discuss this lava extending to the 
Crocelle.   In April there was a further lava flow into the Fosso della Vetrana (Scandone 
et al., 1993).  This flow may be the same as the one described by Lirer et al. (2005) as 
occurring in March.   
Strombolian activity continued through the year (Alfano and Friedlaender, 1929) with 
minor collapse of the crater in October 1871, and from 03/11/1871 to 04/11/1871 
there were small lava flows (Scandone et al., 1993).  It is unclear if these were 
overflows or further flows from the fissure, however based on the description by 
Palmieri (1880) in Lirer et al. (2005), it appears that the flows formed from a sub-
1870 – 1872 
 
terminal vent to the west, and flowed into the Atrio del Cavallo and to the Canteroni.  
The description ”wonderful smoothness” and  the formation of a skin described in 
Palmieri and Mallet (1873) seems to indicate the formation of pahoehoe flows which 
continued for months.  Palmieri and Mallet (1873) also describes the presence of 
pele’s hair, made largely of leucite crystals, and describes the lavas from the eruption 
as being leucite-rich. 
Alfano and Friedlaender (1929) and Palmieri and Mallet (1873) describe a lava flow 
from a sub-terminal vent on the northwest side of the cone in January 1872.  Scarth 
(2009) states that at this time minor Strombolian eruptions were occurring, and 
overflows to the north took place.  Palmieri and Mallet (1873) discuss overflows, but it 
is unclear as to whether this is from the summit crater, or a lateral cone.  In March 
1872 a new fracture developed on the northwest side of Gran Cono, which effused 
lava into the Atrio del Cavallo for a week (Palmieri and Mallet, 1873; Alfano and 
Friedlaender, 1929; Scandone et al., 1993; Lirer et al., 2005).  Effusion took place from 
the lowest end of the fracture (Palmieri and Mallet, 1873).  
 
Vent location: Lateral, sub-terminal and summit 
Vents in crater floor: - 
Lavas:  From sub-terminal and lateral fissures, overflows 
Activity: Persistent. Effusive and mild Strombolian. 
  
1870 – 1872 
 
 
Figure 0-47: Lava flow map of 1870-1872.  Flows inferred from literature. 1 standard overflow, 
3 standard lateral flows, Flow A: 0.6km2, Flow B: 0.33km2 
 
  
1885 - 1886 
 
1872 
Dates in Scandone et al. (1993): 
24/04/1872 - 30/04/1872: Active 
 
Through April 1872 seismic and fumarolic activity increased (Lirer et al., 2005), and on 
23/04/1872 the “activity of all craters increased” (Palmieri and Mallet, 1873), 
suggesting magma was injected into the upper edifice.  On 24/04/1872 a new lava flow 
is described as forming from the fissure to the NW (Alfano and Friedlaender, 1929; 
Scandone et al., 1993), whilst Palmieri and Mallet (1873) explains that numerous flows 
formed on the cone in all directions, possibly indicating overflows, and that all but the 
flow from the northwest fissure had ceased by the morning of 25/04/1872, and Scarth 
(2009) suggests that these multiple flows occurred on the north to west sector facing 
Naples.  Activity through 25/04/1872 must have been minimal, as many visitors hiked 
through the caldera to inspect the lavas, with unfortunately, visitors continuing to 
enter the area into the night (Palmieri and Mallet, 1873).  At 3.30am of 26/04/1872 a 
new fracture developed to the northwest (Palmieri and Mallet, 1873; Scandone et al., 
1993; Lirer et al., 2005; Scarth, 2009).  This fracture extended down the cone from the 
pre-existing fractures and into the Atrio del Cavallo by 300m (Palmieri and Mallet, 
1873), and formed with an explosion and Strombolian activity ongoing at the summit 
crater (Palmieri and Mallet, 1873; Scandone et al., 1993; Scarth, 2009).  Lava 
immediately was effused from the lower end of the fissure in the Atrio, and flowed in 
two branches towards Resina down the Fosso Grande and the Fosso della Vetrana 
(Palmieri and Mallet, 1873; Alfano and Friedlaender, 1929; Lirer et al., 2005).  Activity 
on the fissure was effusive, building a spatter rampart along the fissure within the 
Atrio, as Palmieri and Mallet (1873) describes how instead of the typical conelets that 
are built on fissures, instead here a long hillock formed, whilst Lirer et al. (2005) 
describes the upper fissure forming conelets with Strombolian activity.  Whilst the 
effusive activity was occurring on this fissure, two craters developed at the summit 
with Strombolian activity, and a further fissure opened to the south, restricted to the 
cone, with lava effusion in the direction of Camaldoli (Palmieri and Mallet, 1873; 
Scandone et al., 1993; Lirer et al., 2005).  The main lava flow from the northwest 
fissure entered the Fosso della Vetrana and into the Fosso Faraone, and reached 
1885 - 1886 
 
Massa di Somma and San Sebastiano rapidly (Palmieri and Mallet, 1873; Alfano and 
Friedlaender, 1929; Scandone et al., 1993; Lirer et al., 2005), travelling 1300m in 3 
hours within the Fosso della Vetrana (Palmieri and Mallet, 1873), and travelling 4-5km 
in 10 hours (Scandone et al., 1993).  Palmieri and Mallet (1873) describes how the 
flows stopped at about midnight, which would indicate their flow for about 21 hours, 
and also describes how a diversion channel previously cut actually appeared to 
channel the lava into valuable property, and that, if the supply had continued, the lava 
would have continued on its path to Naples.  Scarth (2009) gives more detailed timings 
of the flows with the southwesterly vent forming at 9am, and more vents forming on 
the fracture to the northwest at 10am, which would concur with the description of 
lavas flowing from 10am to 11pm that is also given in Palmieri and Mallet (1873).  The 
lavas in Massa di Somma and San Sebastiano were 6m thick (Palmieri and Mallet, 
1873). The observatory was entirely surrounded by lavas, with the flows into the Fosso 
della Vetrana and Fosso Grande, and during the night of 26/04/1872 Palmieri and 
Mallet (1873) describes the Gran Cono as giving the appearance of “sweating fire”, 
with numerous small flows on the cone, and also describes explosions along the length 
of the main lava flow, which are likely due to contact with vegetation or water.  
Throughout this event Strombolian activity had been ongoing at the summit crater, 
and after the lava effusion from the lateral vents ceased in the early hours of 
27/04/1872 (on 28/04/1872 according to Scarth (2009), there was an intensification of 
the explosive phase with Vulcanian explosions, eruption clouds to a height of 1300m 
(Palmieri and Mallet, 1873; Alfano and Friedlaender, 1929; Scandone et al., 1993; Lirer 
et al., 2005; Scarth, 2009), and the description of being “without incandescence” by 
Palmieri and Mallet (1873) which suggests at this time that juvenile material was not 
involved.  
 
Palmieri and Mallet (1873) calculated the volume at 20 million cubic meters, lower 
than the maximum calculated here using Palmieri’s thickness.  
 
Vent location: Lateral and summit 
Vents in crater floor: - 
Lavas: A’a from lower fractures, possible overflows 
1885 - 1886 
 
Activity: Intense to paroxysmal. Effusive activity at lower vents, Strombolian at higher 
vents and at the summit, Vulcanian at the summit. 
 
 
Figure 0-48: Lava flow map of 1872. Flow from Johnston-Lavis (1891) and extrapolated. S flow 
1.57km2, Main flow 6.31km2. 
  
1885 - 1886 
 
1875-1881 
Dates in Scandone et al. (1993): 
01/05/1872 - 17/12/1875: Repose* 
18/12/1875 - 15/12/1881: Active 
16/12/1881 - 31/04/1884: Active 
01/02/1884 - 01/05/1885: Active 
 
*After the paroxysm of 1872 Vesuvius entered a period of quiescence during which 
landslides occurred in the crater half filling it (Scandone et al., 1993; Lirer et al., 2005).  
Scandone et al. (1993) give the crater volume as 17x106m3 after 1872, which would 
mean before the onset of new activity this volume would have been reduced to 
approximately 8.5x106m3.  
 
Activity recommenced with a new vent with Strombolian explosions in December 1875 
according to Scandone et al. (1993), Lirer et al. (2005) and Scarth (2009), whereas 
Alfano and Friedlaender (1929) state that a new vent formed in January 1874 within 
the crater, gradually building a conelet and filling the crater.  In 1877 intracrateric 
activity was ongoing with intracrateric lava flows produced (Alfano and Friedlaender, 
1929).  Dawkins (1877) describes effusive activity in the bottom of the crater in January 
1877, and explains that activity was increasing at the time of viewing.  There are then 
further discrepancies between accounts of activity in the following years.  Scandone et 
al. (1993) states that a lava flow formed from the fracture to the northwest in 1878, 
whereas this fracture is not mentioned in other texts.  Alfano and Friedlaender (1929) 
describe a flow occurring, and how there were two conelets present in the crater at 
this time, and Lirer et al. (2005) state that the first flow was an overflow on 
01/11/1878 and entered the Atrio heading southeast.  Conelet collapse occurred a few 
times, and by September 1880 the crater was completely filled with lavas (Alfano and 
Friedlaender, 1929; Scandone et al., 1993; Lirer et al., 2005), and an overflow occurred 
at this time towards the south-southwest (Johnston-Lavis, 1882 in Lirer et al., 2005).  
Johnston-Lavis in Alfano and Friedlaender (1929) described the continuous destruction 
and rebuilding of the conelet, and at one stage witnessed 5 intergrown conelet 
remains.  Minor Strombolian activity continued at the summit, with a fracture opening 
1885 - 1886 
 
at the base of the cone to the southeast on 16/12/1881, with a slow effusion of lavas 
until 15/10/1884 constructing a lava dome at this site (Alfano and Friedlaender, 1929; 
Lirer et al., 2005).  Overflows from the summit also occurred to the southeast in 1882 
and 1883 whilst the lava dome was forming (Lirer et al., 2005).  Scandone et al. (1993) 
states that these overflows were to the east in 1882 and 1883, and that a flow 
occurred on 09/01/1884 to the north-northwest.  
 
Vent location: Summit and lateral 
Vents in crater floor: 2, 1877 
Lavas: Overflows, fracture flows 
Activity: Persistent. Effusive, weak Strombolian. 
 
Figure 0-49: Lava flow map of 1874-1884.  Partial flow from Rosi et al. (1987) extrapolated with 
standard overflows based on literature. 1: 1878, SLF; 2: 1880, SOF; 3: 1881-84 dome (1035 
days); 4: 1882-1883 (SOF) SE; 5: 1882-1883 (SOF) E; 6: 1884, SOF 
1885 - 1886 
 
  
1885 - 1886 
 
1885-1886 
Dates in Scandone et al. (1993): 
02/05/1885 - 01/07/1886: Active 
 
With no break in activity and no significant explosive event clearing the crater the 
eruption of 1885 to 1886 likely started with the crater still filled to the rim.  This 
commenced with the fracturing of the Gran Cono.  The direction of the fractures 
appears to be in dispute, with Scandone et al. (1993) describing the formation of 
fractures towards Torre Annunziata and Boscotrecase, and then explaining that these 
were in the direction of northeast and southeast, whilst if in the direction of these 
towns it is only truly southeast.  They then go on to state that lava from the southeast 
fissure flows all year, reaching the base of the cone, with occasional increases in 
intensity, and lavas from May 1886 to 01/07/1886 towards Ottaviano.  Alfano and 
Friedlaender (1929) meanwhile describe a fracture forming to the south-southwest in 
May 1885, with lava effusion here building a lava dome.  Lirer et al. (2005) from 
Johnston-Lavis (1887) instead describe fractures opening to the east, with lava in the 
direction of Ottaviano lasting until June 1886.  There are no images depicting the 
activity to confirm which account is correct, and available maps show only a partial 
flow to the south and southwest (in the map of Alfano and Friedlaender (1929) and 
Rosi et al. (1987), Figures 45, 55, 57 Map Appendix). 
 
As there are outcrops of lava flows attributed to this time on maps, the fracture to the 
SSW with lavas from this seems the most probable.  Two accounts discuss flows 
towards Ottaviano and this would also account for the fracture reported to the 
northeast in Scandone et al. (1993). The map compiled here also includes a fracture 
described to the southeast. 
 
Vent location: Lateral vents 
Vents in crater floor: - 
Lavas: From lateral vents 
Activity: Persistent. Effusive.  
 
1885 - 1886 
 
 
Figure 0-50: Lava flow map of 1885-1886. Partial flows from Rosi et al. (1987) extrapolated 
with standard lateral flows (2) shown. 
 
  
1886 - 1891 
 
1886-1891 
Dates in Scandone et al. (1993): 
02/07/1886 - 15/04/1887: Active 
16/04/1887 - 19/04/1887: Active 
20/04/1887 - 30/04/1889: Active 
01/05/1889 - 30/09/1889: Active 
01/10/1889 - 06/06/1891: Active 
 
Activity returned to the summit during the years 1886 to 1891 with activity of varying 
intensities and frequent changes to the crater rim through collapses (Alfano and 
Friedlaender, 1929; Scandone et al., 1993).  An overflow occurred from May 1889 to 
September 1889 (Scandone et al., 1993) and a further overflow occurred to the 
southeast during May 1891 (Scandone et al., 1993). 
 
Vent location:  Summit 
Vents in crater floor: - 
Lavas: Overflows 
Activity: Persistent. Effusive. 
 
1886 - 1891 
 
 
Figure 0-51: Lava flow map of 1886-1891. Standard overflow shown. One other described in 
literature but without a direction.  One overflow lasted May to September 1889 (124 days), 
one during May 1891. 
  
1891 - 1894 
 
1891-1894 
Dates in Scandone et al. (1993): 
07/06/1891 - 03/06/1894: Active 
 
A lateral fracture of the cone developed to the north-northwest on 07/06/1891 
(Scandone et al., 1993; Lirer et al., 2005; (northwest) Alfano and Friedlaender, 1929), 
with simultaneous Strombolian explosive activity at the summit (Scandone et al., 1993; 
Lirer et al., 2005).  Vents formed on the upper fracture from 900-1000m a.s.l. with lava 
effusion, with later vents occurring lower on the fracture to 835m asl (Scandone et al., 
1993; Lirer et al., 2005).  Alfano and Friedlaender (1929) describe the flows that 
formed here as having a ropy surface, therefore being pahoehoe flows.  The lava flow 
headed north towards the Punta Nasone and into the Fosso della Vetrana (Lirer et al., 
2005) and lasted until 05/02/1894 (Alfano and Friedlaender, 1929; Scarth, 2009) and 
slowly built a lava dome called Colle Margherita (Alfano and Friedlaender, 1929; 
Scandone et al., 1993; Lirer et al., 2005; Scarth, 2009).  The intensity of lava effusion 
varied over time, with the formation of eight conelets on the fracture in June 1892 
(Lirer et al., 2005) suggesting minor Strombolian activity or effusive spatter.  Activity at 
the crater varied during this time, with occasional intense explosions throwing bombs 
to 500m, and occasional periods of purely fumarolic emissions (Lirer et al., 2005). 
 
A volume of 36x106m3 of lava was produced (Alfano and Friedlaender, 1929; Lirer et 
al., 2005) with the dome reaching a height of 135m (Lirer et al., 2005) or between 100 
and 134m in Alfano and Friedlaender, (1929). 
 
Vent location:  Lateral fracture 
Vents in crater floor: - 
Lavas: Flows from fracture of the cone 
Activity:  Persistent. Effusive, mild Strombolian. 
 
1891 - 1894 
 
 
Figure 0-52: Lava flow map of 1891-1894. Flows from Rosi et al. (1987) and extrapolated. Colle 
Margherita is approximately 0.2km2. 
 
  
1894 - 1895 
 
1894-1895 
Dates in Scandone et al. (1993): 
04/06/1894 - 02/07/1895: Active 
 
Activity returned to the summit after the formation of Colle Margherita, with 
persistent Strombolian and effusive activity and intracrateric lava flows (Lirer et al., 
2005).  The crater was 200m deep in June 1894 and this was slowly filled (Scandone et 
al., 1993).  A fracture formed with lava effusion into the Atrio del Cavallo on 
24/05/1895 (Scandone et al., 1993). 
 
Vent location:  Summit and lateral fracture 
Vents in crater floor: - 
Lavas: Intracrateric and flow from lateral fracture 
Activity: Persistent. Effusive, mild Strombolian. 
 
1894 - 1895 
 
 
Figure 0-53: Lava flow map of 1894-1895. Lavas were restricted to the summit crater, with one 
lateral flow but in an unknown direction. 
  
1895 - 1899 
 
1895 - 1899 
Dates in Scandone et al. (1993): 
03/07/1895 - 07/09/1899: Active 
 
Following an increase in Strombolian and seismic activity, but during a temporary 
pause in crater activity, aligned vents formed on the cone to the northwest (Lirer et al., 
2005) and the cone fractured to the west-northwest on 03/07/1895 with vents at 
1185m, 1100m, 900m, and 750m asl (Alfano and Friedlaender, 1929; Scandone et al., 
1993; Lirer et al., 2005; Scarth, 2009).  The fracture was radial in orientation with the 
crater and extended to 1.5km from the crater (Lirer et al., 2005).  Lava was effused 
from the lower vents into the Fosso della Vetrana for the rest of the year (Scandone et 
al., 1993).  On 04/07/1895 during Vulcanian activity and collapse of the conelet at the 
summit, the lava travelled a few hundred metres into the Fosso della Vetrana, and 
headed southwest to the Crocelle, travelling at about 0.04m/s (Lirer et al., 2005).  
Lavas were then effused until September 1899, at low but variable rates forming a lava 
dome called Colle Umberto (Alfano and Friedlaender, 1929; Scandone et al., 1993; 
Lirer et al., 2005; Scarth, 2009) having reached 1km in diameter (Scarth, 2009)  and 
160m in height (Alfano and Friedlaender, 1929; Scarth, 2009).  Throughout the lateral 
effusion of the lavas, mild Strombolian activity and occasional Vulcanian explosions 
were continuing at the summit, gradually creating a conelet and filling the crater 
(Scarth, 2009). 
 
A detailed chronology of the eruption and formation of Colle Umberto is given in Lirer 
et al. (2005). 
 
Alfano and Friedlaender (1929) report that 50x106m3 of lava was produced during this 
eruption. 
 
The crater in November 1895 was 250m deep, following landslides this decreased to 
about 150m deep in September 1897, and the crater was 60m deep in July 1898 
(Scandone et al., 1993). 
 
1895 - 1899 
 
Vent location: Summit and lateral  
Vents in crater floor: - 
Lavas: Intracrateric and from lateral fracture 
Activity: Persistent. Effusive to weak Strombolian. 
 
 
Figure 0-54: Lava flow map of 1895-1899. Flow from Rosi et al. (1987) extrapolated out.  Dome 
area 0.53km2. 
1903 - 1906 
 
1899 - 1903 
Dates in Scandone et al. (1993): 
08/09/1899 - 25/08/1903: Active* 
 
The date is changed slightly from that given in Scandone et al. (1993) to fit the activity 
more appropriately. 
 
After the growth of Colle Umberto, activity once again ceased at the lateral vents and 
became focussed at the summit.  Strombolian activity of varying intensity took place 
within the crater (Scandone et al., 1993; Lirer et al., 2005).  Explosivity increased from 
April to May 1900 (Lirer et al., 2005), on 09/05/1900 and 10/05/1900 (Alfano and 
Friedlaender, 1929; Scandone et al., 1993).  An overflow occurred from the crater and 
incandescent bombs of up to 2m were ejected (Alfano and Friedlaender, 1929; Lirer et 
al., 2005).  This overflow may have actually been the incandescent fall-out of this 
eruption, as the incandescent bombs are described as rolling downhill in Lirer et al. 
(2005).  Earthquakes were once again felt to the southwest, in Portici, Resina and Torre 
del Greco, and lava fountains occurred in November 1900 (Lirer et al., 2005).  These 
lava fountains are not described elsewhere, but Alfano and Friedlaender (1929) state 
that the “out-swelling magma was extremely runny” in 1901 and 1902, which may be 
in reference to this, and it is also stated that during these years the explosive activity 
continued at a lower intensity.  Explosivity increased again in 1903 (Alfano and 
Friedlaender, 1929; Scandone et al., 1993; Lirer et al., 2005).  In March 1903 the crater 
was largely filled, with two active vents and accompanying the explosive eruptions, 
seismic activity occurred (Lirer et al., 2005).  After this there was significant gas 
emission at numerous fumaroles within the crater (Alfano and Friedlaender, 1929) and 
overflows occurred to the south, southwest and northeast in July 1903 (Lirer et al., 
2005).  Intracrateric lavas were present from 27/07/1903, with collapse of the conelet 
and a further overflow to the west on 22/08/1903 (Scandone et al., 1993).   
 
In March 1903, the crater is described as being 148m in diameter with a depth of 60m 
(Scandone et al., 1993).  Using a radius of 74m, the depth of 60m and the volume of a 
paraboloid calculation, the crater volume can be calculated: 
1903 - 1906 
 
 
Using the volume of a paraboloid calculation of ½πr2xheight, crater volume = 
0.52x106m3.  Overflows occurred in July 1903, if dates are taken as 01/03/1903 to 
01/07/1903, this volume was produced over a period of 123 days giving an effusion 
rate of 0.05m3/s. 
 
Vent location: Summit 
Vents in crater floor: 2, 1903, str 
Lavas: Intracrateric and overflows 
Activity: Persistent. Strombolian or small Vulcanian bursts. Effusion at the summit.  
 
Figure 0-55: Lava flow map of 1899-1903. Standard overflows shown. One further overflow 
indicated, but no direction given. 
 
1903 - 1906 
 
1903-1906 
Dates in Scandone et al. (1993): 
26/08/1903 - 30/09/1904: Active 
01/10/1904 - 02/02/1906: Active 
03/02/1906 - 03/04/1906: Active 
 
With no break in activity and the crater still filled with lavas, fractures began to form 
on the cone in August 1903.  On 26/08/1903 a fracture developed with an explosion to 
the west-northwest and lava flowed from this (Scandone et al., 1993; Lirer et al., 
2005).  This fracture was high on the cone at about 1150m a.s.l. and a new vent 
formed later the same day near the 1895 openings, with lava flows to the base of the 
cone (Lirer et al., 2005).  On 27/08/1903 a fracture east-northeast formed lower on the 
cone, at 800m a.s.l. (Scandone et al., 1993; Lirer et al., 2005) and three vents 
developed on the fracture producing lava flows (Lirer et al., 2005).  Alfano and 
Friedlaender (1929) indicate that this fracture and lava flow began earlier, on 
20/07/1903.  The flow from this fracture (ENE) continued until 23/09/1904 forming a 
dome 70m high, when activity at the summit intensified in explosivity (Alfano and 
Friedlaender, 1929; Lirer et al., 2005).  Scandone et al. (1993) give a number of dates 
during which lavas flowed, however lava effusion will be taken as almost continuous 
here.  Volcanic tremor was felt in Boscoreale on 23/09/1904 and 24/09/1904, with 
increased Strombolian activity at the crater, and following this the conelet collapsed 
and Vulcanian explosions began with ash emission on the district (Scandone et al., 
1993; Lirer et al., 2005).  Alfano and Friedlaender (1929) describe how along with the 
cessation of the lateral flow and the increase in explosivity at the summit, a “small 
cinder eruption” occurred on the lava flow in the Atrio.  This might represent activity 
on a vent within the flow, or a hornito, but as it supposedly occurred when effusion 
had halted and is described as “cinder”, it is possible that one of the vents became 
explosive here along with the summit.  Lirer et al. (2005) describe an elongate pit on 
the crater floor trending NW-SE, and explain that the crater varied in size during this 
period, with a depth of under 70m in December 1904.  Activity decreased in intensity 
from November 1904 (Scandone et al., 1993) and increased significantly in May 1905 
reaching maximum explosivity on 26/05/1905 at which point an earthquake also 
1903 - 1906 
 
occurred (Alfano and Friedlaender, 1929; Lirer et al., 2005).  On 27/05/1905 a new 
fracture formed on the northwest side of the cone (Alfano and Friedlaender, 1929; 
Scandone et al., 1993; Lirer et al., 2005; Scarth, 2009).  A vent formed at 1245m a.s.l., 
then in a few hours, a new vent opened “a few tens of metres” below this, and then 
another at 1180m a.s.l. (Lirer et al., 2005).  Scandone et al. (1993) discuss the vents as 
1245m and 1180m a.s.l. and Scarth (2009) only mentions two vents near the base of 
the Gran Cono.   The lavas were slowly effused, forming short flows and piling up into a 
new dome between Colle Umberto and Gran Cono (Lirer et al., 2005; Scarth, 2009) and 
between Colle Umberto and Colle Margherita to a depth of 50m (Lirer et al., 2005).  At 
one stage, on 03/10/1905, a fast effusion of lava occurred, forming an a’a flow from 
one vent, with lavas running at 0.1m/s reported towards Colle Umberto (Scarth, 2009).   
Lavas from these vents continued into April 1906, with ongoing Strombolian and 
Vulcanian explosions at the summit (Scandone et al., 1993; Lirer et al., 2005; Scarth, 
2009).  Lirer et al. (2005) state how the change in intensity of crater activity appeared 
balanced by the effusive activity at the lateral fractures, perhaps indicating the 
tendency for gases to rise vertically and result in explosion, whilst the magmas are able 
to take the route of a lower dyke.  The crater filled completely and the conelet grew to 
such a state that an almost perfect cone developed (Alfano and Friedlaender, 1929), 
with the crater reaching 1335m a.s.l. in May 1905 (Alfano and Friedlaender, 1929; Lirer 
et al., 2005; Scarth, 2009).  The conelet underwent periodic collapse, and overflows 
also occurred on the cone in 1905 (Alfano and Friedlaender, 1929).  
 
Approximately 0.5x106m3 of lava was produced between 20/07/1903 and 27/09/1904 
(Alfano and Friedlaender, 1929; Lirer et al., 2005).  An effusion rate of 0.02x106m3/day 
(0.23m/s) was calculated in December 1904 (Lirer et al., 2005).  
 
Vent location: Lateral and summit 
Vents in crater floor: - 
Lavas: Lateral flows, overflows 
Activity: Persistent to intense.  Effusive, Strombolian and Vulcanian bursts. 
1903 - 1906 
 
 
Figure 0-56: Lava flow map of 1903-1906. Partial flow from Rosi et al. (1987), extrapolated out, 
with the WNW flow buttressed agains Colle Umberto. ENE flow built a dome of 70m, WNW a 
dome at 50m. 
  
1906 
 
1906 
Dates in Scandone et al. (1993): 
04/04/1906 - 22/04/1906: Active 
 
Following the previous activity at the lateral vents on the cone, the activity in early 
April 1906 increased at the summit and at the northeastern lateral vent (Alfano and 
Friedlaender, 1929).  Water levels fell in wells, and inflation of the coast occurred, 
particularly in Portici to the southwest (Scarth, 2009) indicating the likelihood of an 
imminent significant eruption.   
 
The eruption consisted of three identifiable phases, the first of which lasted from 
04/04/1906 to 08/04/1906 and was characterised by mixed explosive and effusive 
activity (Abatino, 1989).   With the crater filled with lavas (Scarth, 2009) on 04/04/1906 
a new effusive vent developed on the east-southeast flank at 1200m a.s.l. with an 
almost instant halting of the flow to the north (Lirer et al., 2005).  Scandone et al. 
(1993) and Scarth (2009) puts this vent on the south flank, whilst Alfano and 
Friedlaender (1929) indicate the formation to the south-southeast. Lirer et al. (2005) 
state that this vent marked the end of a fracture seen through the positioning of a 
number of fumaroles on the cone between 1250 and 1000m a.s.l., however they also 
quote Mercalli (1906) who states that this line was between 1250 and 1200m a.s.l.  
Seismic activity was ongoing (Scandone et al., 1993; Lirer et al., 2005).  Strombolian 
activity was occurring at the summit, and following landslides and conelet collapse 
Vulcanian activity took hold, with ash and bomb ejection (Alfano and Friedlaender, 
1929; Scandone et al., 1993; Lirer et al., 2005).  The lava flow from the vent halted in 
the afternoon of 04/04/1906 (Lirer et al., 2005), but with ongoing explosive activity at 
the summit, a new vent formed at around midnight of 04/04/1906 lower on the cone 
at about 800m a.s.l., and lava was rapidly emitted towards Boscotrecase from here 
(Alfano and Friedlaender, 1929; Scandone et al., 1993; Lirer et al., 2005; Scarth, 2009).  
This lava flowed 2500m in 30 hours, stopping at 310m a.s.l. (Lirer et al., 2005).  Similar 
activity comprising summit explosive events and lateral effusion continued through 
05/04/1906 (Scandone et al., 1993; Lirer et al., 2005; Chester and Duncan, 2007).  A 
vent opened to the north-northeast during the night of 05/04/1906 (Lirer et al., 2005).  
1906 
 
At 8am on 06/04/1906 a new vent opened still lower on the southeast flanks at 600m 
a.s.l. with lava emission (Alfano and Friedlaender, 1929; Scandone et al., 1993; Lirer et 
al., 2005; Scarth, 2009) through Boscotrecase and to the outskirts of Torre Annunziata 
where it halted at 7am on 08/04/1906 (Alfano and Friedlaender, 1929).  Scarth (2009) 
describes this lava as “unusually fluid, steam rich lava”.  The description in Chester and 
Duncan (2007) “spouted sideways like a stream of water from a tap, 20 metres in 
diameter” is indicative of a high effusion rate. Vents developed towards the east at 
750-800m a.s.l. on 07/04/1906, with lava towards Terzigno (Alfano and Friedlaender, 
1929; Scandone et al., 1993; Lirer et al., 2005), with vents opening progressively 
downslope throughout the 4th, 5th and 6th April (Chester and Duncan, 2007).  Lava 
emitted on 07/04/1906 at 10.45pm lasted until 8pm of 08/04/1906.  Activity increased 
at the crater, with incandescent material ejected to 2km and significant seismic activity 
(Alfano and Friedlaender, 1929; Scandone et al., 1993; Lirer et al., 2005), with Scarth 
(2009) describing the initial activity as from two vents within the crater.  Fresh lava 
effusions occurred at 11pm of 07/04/1906 (Scandone et al., 1993; Lirer et al., 2005), 
with flows halting on 08/04/1906 (Chester and Duncan, 2007).  The second phase of 
the eruption occurred from 08/04/1906 to 09/04/1906 (Abatino, 1989), and was 
dominated by violent earthquakes and gas emissions, with activity more dominantly 
explosive and focussed at the summit crater, and on 08/04/1906 an eruption column 
to 13000m along with pyroclastic flows, and significant ash and bomb emission (Alfano 
and Friedlaender, 1929; Abatino, 1989; Scandone et al., 1993; Lirer et al., 2005).  The 
third and final phase of the eruption lasted from 09/04/1906 to 22/04/1906 (Abatino, 
1989) and was characterised by Vulcanian explosions at the summit, gradually 
decreasing with time (Alfano and Friedlaender, 1929; Abatino, 1989; Scandone et al., 
1993; Lirer et al., 2005). 
 
Flows produced were a’a, as shown through field studies and calculated effusion rates.  
It is difficult to narrow down precisely how long each flow was active for.  It would 
appear that the longest of the flows, which reached and partially destroyed 
Boscotrecase, reaching the outskirts of Torre Annunziata started at 8am on 6th and 
ended at 7am on the 8th lasting for 47 hours, whilst the other branches were fed and 
were active at different times.   
 
1906 
 
The volume of the crater after the eruption of 1906 is given by Scandone et al. (1993) 
as 84x106m3.  Scarth (2009) describe the crater as being 600m deep and 700m in 
diameter.  Chester and Duncan (2007) give a lava volume of 20x106m3, with a 
description of the depth reaching 20ft (6m) in places.  
 
Vent location: Summit and lateral vents 
Vents in crater floor: 2 in 1906 in Strombolian activity 
Lavas: From lateral vents 
Activity: Paroxysmal. Strombolian and Vulcanian at the summit. Effusive at the lateral 
vents. 
 
 
Figure 0-57: Lava flow map of 1906. Largely based on Rosi et al. (1987) and Figure 50 (Map 
Appendix) and extrapolated. An overflow is described on 7/4/06 but with no direction. 
  
1913 - 1929 
 
1913-1929 
Dates in Scandone et al. (1993): 
05/07/1913 - 26/11/1926: Active 
27/11/1926 - 28/11/1926: Active 
29/11/1926 - 30/07/1927: Active 
01/08/1927 - 02/08/1927: Active 
03/08/1927 - 10/08/1928: Active 
11/08/1928 - 12/08/1928: Active 
13/08/1928 - 02/06/1929: Active 
 
The volume of the crater after the eruption of 1906 is given by Scandone et al. (1993) 
as 84x106m3.  Scarth (2009) describe the crater as being 600m deep and 700m in 
diameter.  After this eruption Vesuvius entered an extended period of quiescence.  
Scandone et al. (1993) state that a conelet was constructed from 17/09/1906, 
suggesting that this period of repose was instead a period of quiet, summit effusive-
Strombolian activity, and Alfano and Friedlaender (1929) state that a small ash 
eruption occurred in May 1910 suggesting the volcano was still active, however Lirer et 
al. (2005) state that between 1906 and 1913 activity was restricted to fumarolic 
emissions and landslides within the crater.  If activity was present, it was very mild.  De 
Fiore (1913) in Lirer et al. (2005) explain that the repose could be split into two stages, 
the first phase being 1907-1910 and being dominated by landslides and minor 
fumarolic emissions, and the second phase showing more intense fumarolic activity, 
with fumaroles largely found at the intersections between the crater wall and floor.  It 
is also stated that fumaroles were present outside of the crater, on the east-northeast 
side of the cone, extending from the cone to the Somma walls along a radial fracture, 
and that these and fumaroles to the south-southwest were most active.  During the 
first phase, there was a steady increase in the temperature of the gas emissions, with 
the highest found at a fumarole on the south wall of the crater (Lirer et al., 2005) 
(orange Figure 0-58).  In 1912 the crater was approximately 222m deep (Malladra, 
1912 in Lirer et al., 2005).  In 1913 there was intense gas emission with hot gases 
reported as descending the slopes and burning the vegetation along with frequent 
seismic events (Lirer et al., 2005).   
1913 - 1929 
 
 
Figure 0-58: Fumaroles within the caldera during 1907-1910. Arrow points north. 
 
The exact date of the start of new activity is not recorded, with activity noticeably 
increasing on 09/05/1913, which is therefore taken as the onset of an active stage 
(Alfano and Friedlaender, 1929).  During the night between 09/05/1913 and 
10/05/1913 three small earthquakes occurred, with a forth generating a cloud of ash 
(Lirer et al., 2005).  It is unclear if this was an explosive event, or a further landslide at 
the crater.  Volcanic tremor persisted for a number of days, whilst a depression within 
the crater to the southwest developed to 75m depth with a diameter of 15m, where 
strong gas emission took place (Lirer et al., 2005).  Magma had reached the surface by 
July 1913, with intracrateric lavas visible in the night (Alfano and Friedlaender, 1929; 
Lirer et al., 2005).  In August 1913 Strombolian activity occurred, and throughout the 
year the eruptions increased in intensity (Lirer et al., 2005).  Strombolian activity began 
building a conelet, and on 23/10/1914 the first overflow occurred (Lirer et al., 2005).  
Alfano and Friedlaender (1929) describe that this conelet formed by 1916, not 1914.  
There are no other accounts supporting the overflow in 1914 and it would seem the 
crater was not yet full at this point, with Alfano and Friedlaender (1929) and Lirer et al. 
(2005) indicating that the depression to the SW had only filled by July 1915, suggesting 
that the overflow in Lirer et al. (2005) may in fact be an overflow on the conelet itself.  
Activity continued in the same way with mild Strombolian activity and effusion in the 
crater gradually raising the crater floor (Alfano and Friedlaender, 1929; Scandone et 
al., 1993; Lirer et al., 2005).  Activity varied in intensity, with an increase in intensity of 
1913 - 1929 
 
effusion from 1917 to September 1919 producing around 3x106m3 lava (Lirer et al., 
2005) and July 1920 (Scandone et al., 1993; Lirer et al., 2005), with particularly violent 
Strombolian explosions in April and November 1918 (Lirer et al., 2005).  Instead of 
uniformly filling the crater, a lava dome formed in the south-southeast of the crater to 
about 30m high, with conelets on top of this, and a significant intracrateric flow of 
about 1.2x106m3 lava were effused in two days in November 1923 (Lirer et al., 2005).  
The conelet continued to develop in the crater (Alfano and Friedlaender, 1929), and in 
1925 the crater was 3/4 filled with lavas (Scandone et al., 1993; Lirer et al., 2005).  On 
26/04/1926 there was crater collapse to the east-northeast, but the 50m drop was 
soon filled with further lavas, and soon the depth of the crater was reduced to 10m 
(Lirer et al., 2005), and by November the crater had filled allowing overflows.  The first 
overflow occurred on 27/11/1926 towards the east-northeast (Scandone et al., 1993; 
Lirer et al., 2005) forming two flows which joined about half-way down the Gran Cono 
and entered the Atrio del Cavallo (Alfano and Friedlaender, 1929) forming two small 
domes, with the flow halting a the beginning of December 1926 (Lirer et al., 2005).  A 
further overflow to the east-northeast occurred on 31/07/1927 and on 01/08/1927 to 
the east (Alfano and Friedlaender, 1929; Scandone et al., 1993; Lirer et al., 2005).  
Dominantly Strombolian activity once again took hold at the crater during early 1928, 
and in August 1928 a further overflow to the east-northeast occurred lasting until 
November (Lirer et al., 2005), starting on 11/08/1928 (Scandone et al., 1993).  
 
Vent location: Summit  
Vents in crater floor:  
Lavas: Overflows 
Activity: Persistent. Effusive, weak Strombolian.  
1913 - 1929 
 
 
Figure 0-59: Lava flow map for 1913-1929.  Flows from Figure 52 in Map Appendix. 
 
Figure 0-60: Stages of crater filling during 1913-1929. This allows approximate calculation of 
volumes as below. Adapted from Malladra (1926) in Lirer et al. (2005). 
1913 - 1929 
 
Using the scale provided, and the calculation of area of a circle to give an approximate 
area of each flow, the following volumes are calculated: 
 
This gives a total volume of 15.78x106m3 produced between 1913 and 1920, giving an 
effusion rate of 0.07m3/s. 
 
A volume of 3x106m3 is said to have been produced between the end of September 
1917 and September 1919, giving an effusion rate of 0.06m3/s. 
 
In November 1923, 1.2x106m3 lava was effused in 2 days, giving an effusion rate of 
6.9m3/s. 
 
In 1925 the crater, with a volume of 84.00x106m3 was 3/4 filled, meaning 
approximately 63x106m3 lava had been produced at the summit during the period 
1913-1925.  Subtracting the volume calculated for the period 1913-1920 gives a 
volume of 47.2x106m3 produced from August 1920 to 1925, in approximately 1831 
days, giving an average effusion rate of 0.3m3/s. 
 
On 27/11/1926 the first overflow occurred, meaning between 05/07/1913 and 
27/11/1926, in 4894 days 84.00x106m3 was produced, giving an effusion rate of 
0.20m3/s. 
  
1929 - 1944 
 
1929 
Dates in Scandone et al. (1993): 
03/06/1929 - 08/06/1929: Active 
 
With no break in activity, there was an increase in intensity of both fumarolic and 
Strombolian activity at the summit in May 1929 (Scandone et al., 1993; Lirer et al., 
2005).  At the beginning of June 1929 Strombolian explosions and earthquakes became 
more frequent (Scandone et al., 1993; Lirer et al., 2005), with two strong earthquakes 
on 03/06/1929 and the collapse of the conelet, with “rapid lava emission” leading to 
overflows towards the east (Scandone et al., 1993).  The remaining information is 
purely from the account in Scandone et al. (1993).  A further lava flow occurred during 
an hour-long strongly explosive phase lasting until 1am on 04/06/1929.  Lava fountains 
to 300m formed at 3.30am and continued until 4am, with further explosive activity at 
6.30am with a new lava flow.  The lava left the confines of the Somma caldera and 
headed towards Terzigno to the east from 8am, with no end date for this flow given.  A 
new lava fountain to a height of 400m occurred at 2.09pm on 04/06/1929, lasting for 
26 minutes.  The conelet is described as being destroyed at this point, as it was on 
03/06/1929, suggesting either incomplete collapse initially or the construction of a 
new conelet over night.  After a further period of explosions, at 7.30pm another lava 
fountain developed to 400m, lasting for 39 minutes.  An eruption cloud to 3-5km 
formed at this time.  No information is given for 05/06/1929, but in the night between 
05/06/1929 and 06/06/1929 the activity increased and at 4.30am a lava fountain to 
500m occurred, with an accompanying cloud to 4km.  An overflow formed to the west.   
 
Four lava fountains occurred, gradually increasing in height, and all lasting for a similar 
duration: 
1st: 300m high, 30 minutes 
2nd: 400m high, 26 minutes (36 minutes in Lirer et al., (2005)) 
3rd: 400m high, 39 minutes 
4th: 500m high, 40 minutes (Lirer et al., 2005) 
 
1929 - 1944 
 
The timing of the fountains may give an indication of the size and timing of the magma 
pulses and their ascent.  
The thickness of the flow was not easily identifiable in the field, as no full sections 
were visible.  Where the flow had moved over an obstacle, the flow is ~1m, but there 
are mounds of 10m.   
 
A volume of 12 x 106m3 was produced according to Scandone et al. (1993).  
 
Vent location: Summit  
Vents in crater floor: - 
Lavas: Overflows and fountains 
Activity: Intense.  Effusive, Strombolian 
 
Figure 0-61: Lava flow map of 1929. Lavas from Rittman in Lirer et al. (2005) (Figure 53, Map 
Appendix) and a standard overflow. 
1929 - 1944 
 
1929-1944 
Dates in Scandone et al. (1993): 
09/06/1929 - 10/07/1930: Active 
11/07/1929 - 30/07/1930: Active 
01/08/1930 - 01/10/1930: Active 
02/10/1930 - 09/11/1930: Active 
10/11/1930 - 31/05/1933: Active 
01/06/1933 - 19/11/1934: Active 
20/11/1934 - 11/02/1935: Active 
12/02/1935 - 31/03/1935: Active 
01/04/1935 - 08/07/1935: Active 
08/07/1935 - 21/08/1935: Active 
22/08/1935 - 27/03/1936: Active 
28/03/1936 - 24/09/1936: Active 
24/09/1936 - 03/06/1937: Active 
04/06/1937 - 07/07/1937: Active 
08/07/1937 - 07/08/1939: Active 
08/08/1939 - 09/08/1939: Active 
10/08/1939 - 25/06/1940: Active 
26/06/1940 - 31/07/1940: Active 
01/08/1940 - 21/10/1941: Active 
22/10/1941 - 15/12/1942: Active 
16/12/1942 - 05/01/1944: Active 
06/01/1944 - 23/02/1944: Active 
24/02/1944 - 17/03/1944: Active 
 
Following a short period of quiescence after the 1929 eruption, activity once again 
took hold in the summit crater of Vesuvius (Lirer et al., 2005).  Between the paroxysms 
of 1929 and 1944 activity was restricted to the summit, with effusive and Strombolian 
activity of varying, yey mild, intensity, constructing a conelet which underwent 
periodic fracturing, and forming a number of overflows onto the Gran Cono and into 
the caldera (Scandone et al., 1993; Lirer et al., 2005).  
1929 - 1944 
 
Multiple overflows occurred as follows (from Scandone et al., (1993) and Lirer et al., 
2005): 
May 1930: Small lava fountains 
11/07/1930: Lava flow to the NE 
02/10/1930: Lava flow to the E 
01/06/1933: Conelet collapse and lava to NE 
12/02/1935: Lava flow to E 
13/07/1935: Fracture of conelet and lava into Valle dell’Inferno 
03/04/1936: Fracture of conelet and lava, which overflows to E on 28/04/1936 
04/06/1937: Lava flow to E 
09/01/1939: Fracture of conelet and lava flow 
08/08/1939: Lava flow to E 
26/06/1940: Fracture of conelet and lava into the Atrio del Cavallo until 31/07/1940 
23/10/1941: Intracrateric lavas reported, which overflowed and reached a distance of 
1.5km on 26/10/1941.  
Late October 1941: Increase in explosivity and rebuilding of conelet 
01/11/1941: Complete conelet collapse and lava on 06/11/1941 to S, SSE and ESE.  
Lava reaches a height of 900m a.s.l. by 10/01/1942 and forms two domes to the south. 
The flow continues slowly, and at the beginning of July was at 600m a.s.l. 
24/04/1942: Earthquake and collapse of conelet 
Late April-Early May 1942: The crater floor collapsed forming a depression to 30m  
September 1942: Lava buried Casa Matrone (unknown location) 
06/01/1944: Fracture of conelet to the NW and lava to W until 26/01/1944 
 
Vent location: Summit 
Vents in crater floor: - 
Lavas: Overflows 
Activity: Persistent. Effusive, weak Strombolian 
1929 - 1944 
 
 
Figure 0-62: Lava flow map of 1929-1944. Partial flow from Rosi et al. (1987) and standard 
overflows (15) shown, with description from Lirer et al. (2005) and Scandone et al. (1993) 
regarding flow motion. 
 
  
1944 
 
1944 
Dates in Scandone et al. (1993): 
18/03/1944 - 04/04/1944: Active 
 
The crater was infilled with products and a conelet in March 1944 (Chester et al., 
2007).  Activity increased in intensity in March 1944, and the final eruption of the 
eruptive cycle occurred.  On 13/03/1944 the conelet collapsed (Scandone et al., 1993; 
Scarth, 2009), and with crater collapse and landslides, the conduit was temporarily 
blocked (Lirer et al., 2005).  Mild explosive activity occurred on 14/03/1944 (Scandone 
et al., 1993; Lirer et al., 2005), and with ongoing Strombolian activity, on 15/03/1944 
intracrateric lavas formed which quickly overflowed to the north and towards the 
Fosso della Vetrana, and further overflows occurred (Lirer et al., 2005).  On 
18/03/1944 the newly constructed conelet underwent collapse, and at 4.30pm a new 
overflow formed to the south (Scarth, 2009) reaching 3km (Chester et al., 2007) and to 
the north (Scandone et al., 1993; Lirer et al., 2005; Scarth, 2009) which entered the 
Valle dell’Inferno, and at 10.30pm had a velocity of 10m/hr (0.003m/s) (Scandone et 
al., 1993).  The multiple initial collapses of the conelet may have sufficiently blocked 
the conduit to lead to an increase in pressure and increase the intensity of the 
eruption (Abatino, 1989).  Further overflows occurred at 11pm to the west and 11am 
of 19/03/1944 to the southwest (Scandone et al., 1993), and there was a general 
increase in intensity of the activity (Lirer et al., 2005; Scarth, 2009).  The lava flowed 
into the Fosso della Vetrana and was channelled to San Sebastiano and Massa di 
Somma, travelling at 4m/h (0.001m/s) at 4m thick (Lirer et al., 2005), arriving at the 
towns of San Sebastiano and Massa at 1-2pm of 21/03/1944 flowing at a much higher 
velocity of 50-100m/hr (0.01-0.03m/s) (Abatino, 1989; Scandone et al., 1993).  San 
Sebastiano had been evacuated (Lirer et al., 2005), and the town was buried to 9m 
(Scarth, 2009).  At 6am of 21/03/1944 the flow had passed through the towns and 
reached about 2km from the “provincial road of Cercola” and the explosive phase was 
becoming dominant with eruption columns to 2km (Lirer et al., 2005).  The lavas 
effused to the west destroyed the Funicular railway and stopped before reaching Colle 
Umberto (Lirer et al., 2005).  The first three days of the eruption were characterised by 
summit lava flows of phonotephritic lavas (Fulignati et al., 2004).  Although Pesce and 
1944 
 
Rolandi (1994) in Lirer et al. (2005) seem to indicate the beginning of the explosive 
phase of the eruption in the early morning of 21/03/1944, considerable effusive 
activity occurred from 5pm, with a lava fountain phase (Scandone et al., 1993; Lirer et 
al., 2005).  As with previous occurrences of lava fountains, most were maintained for 
similar durations of approximately 30minutes.  Eight fountains occurred, as in 
Scandone et al. (1993):  
 
1: 21/03/1944: 17.15 - 17.35 = 20 minutes 
2: 21/03/1944: 20.10 - 20.30 = 20 minutes 
3: 21/03/1944: 22.00 - 22.35 = 35 minutes 
4: 22/03/1944: 01.40 - 02.10 = 30 minutes 
5: 22/03/1944: 03.45 - 04.03 = 18 minutes 
6: 22/03/1944: 05.35 - 06.15 = 40 minutes 
7: 22/03/1944: 06.30 - 07.05 = 35 minutes 
8: 22/03/1944: 07.31 - 17.50 = 9 hours 59 minutes, or to 12.48 = 5 hours 17 minutes 
 
During these fountains material was ejected to 4km (Lirer et al., 2005; Scarth, 2009), 
although in Fulignati et al. (2004) and Chester et al. (2007) the fountains are described 
as reaching a maximum height of 1km.  The final lava fountain which continued 
through much of the day became more explosive in nature, with more ash, and to a 
greater height of 6 to 7km from 12.48pm, forming glowing avalanches on the Gran 
Cono (Scandone et al., 1993), and with this came the final, explosive stage of the 
eruption.  Two vents within the crater became active, with discrete explosions at each 
forming two eruptive columns at 9pm of 22/03/1944 (Scandone et al., 1993), and the 
lavas halted (Lirer et al., 2005).  Activity became dominated by Vulcanian explosions 
generating small pyroclastic flows (Scarth, 2009) and a seismic crisis occurred on 
23/03/1944, with large eruptive columns and significant ash fall (Scandone et al., 1993; 
Lirer et al., 2005).  Activity gradually waned from 28/03/1944.      
 
A volume of 10 x 106m3 lava was produced (Scandone et al., 1993).  Flows were initially 
emitted with a velocity of 300m/hr, slowing to 100m/hr (0.08-0.03m/s) and then 50-
100m/hr (0.03-0.01m/s) within San Sebastiano and Massa di Somma (Chester et al., 
2007).  
1944 
 
 
After the eruption the crater was 300m deep, with a volume of 25x106m3 (Scandone et 
al., 1993).   
 
It is interesting to note that the lavas are described as being recognised as a minimal 
hazard to life, with Chester et al. (2007) explaining how children were kept away from 
them in case of steam blasts. 
 
Vent location: Summit 
Vents in crater floor: 2 in 1944 in Vulcanian activity 
Lavas: Overflows 
Activity: Paroxysmal. Effusive and Strombolian, then dominantly Vulcanian 
 
 
1944 
 
Figure 0-63: Lava flow map of 1944.  Flows extrapolated from Rosi et al. 1987. 
 
Area 
Flow N:  (Flow into San Sebastiano and Massa di Somma) 
Total visible area = 1.30km2 
Branch through San Sebasiano and Massa di Somma visible = 1.05km2 
Secondary branch visible = 0.25km2 
Inferred area = 0.15km2  
Total area = 1.45km2  
 
Flow S: (Southerly overflow) 
Total visible area =0.46km 2 
Interred area = 0.31km2 
Total area =0.77km2  
 
Minor flows 
Total visible area = 0.12km2 
Inferred area = 0.15km2  
Total area = 0.27km2  
 
   
 
 
 
 
 
 
 
 
 
 
 
 
1944 
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Image Appendix: Pre-1600s 
 
 
 
Figure 1: 63BC in Phillips (1869). 
The edifice appears to be a 
singular cone, that of 
Somma.  There is a significant 
fracture to the W, broadly 
where the collapse occurred. 
 
 
 
Figure 2: 1st Century BC to 
AD79, Bacchus, (Lirer et al., 
2005) 
The image is debated as 
showing either the Vesuvian 
cone, part of the Somma 
caldera, or Somma as it was 
prior to the collapse.  
 
 
 
 
 
 
 
Figure 3: AD79 Post-eruption, in 
Phillips (1869). 
The edifice has undergone 
significant collapse after the 
eruption of AD 79, truncating 
the cone. 
  
 
 
 
 
 
Figure 4: 472 in Lirer et al. (2005). 
The Vesuvian cone in the caldera 
is lower than the caldera rim, and 
is seen to be in eruption with 
volcanic bombs, ash fall and ash 
clouds with electrical discharge, 
as well as possible lava fountains 
at the summit. 
 
Figure 5: 1037, in Lirer et al. (2005). 
Vesuvius is still shorter than 
Somma and is seen to be in a 
more minor eruption with a lava 
flow from the summit reaching 
the coast, and moderate 
explosive activity at the summit. 
 
 
Figure 6: 1139, in Lirer et al. (2005). 
The cone of Vesuvius appears to 
be approaching the height of 
Somma in 1139, with explosive 
activity at the summit.  This image 
is almost identical (without the 
volcanic bombs) to Figure 4. 
 
 
 
Figure 7: 1550, in Lirer et al. (2005). 
Vesuvius had apparently been 
quiescent for some time, allowing 
vegetation growth close to the 
summit of the cone, which at this 
stage has outgrown the Somma 
wall. 
 Figure 8: 1578. M.G. Hoefnagel (1578) in Alfano and Friedlaender (1929). 
 
Figure 9: 1578. J. Hoefnagel (1578) in Lirer et al. (2005). 
 
 
 
  
Image Appendix: 1600s 
 
 
 
 
 
 
Figure 10: Before 1631, Duca 
della Torre in Lorenzo (1931). 
The image shows the Vesuvius 
cone to be significantly lower 
than the wall of Somma. A 
wide crater is seen at the 
summit, and vegetated slopes 
indicate many years of repose. 
 
 
Figure 11: 1631. Sendraert 
(1720). 
This depicts the 1631 eruption 
with a large eruption cloud 
from the summit and volcanic 
bombs, and either pyroclastic 
flows or lava flows on the 
lower flanks, reaching the sea.  
These flows appear to 
originate on the southern 
flanks, rather than at the 
summit, which would suggest 
lava flows. 
 
 
Figure 12: 1631 Lorenzo (1931). 
The flows are seen to 
originate at the summit as 
overflows to the W, reaching 
the sea in a number of places.  
These flows may represent 
lavas or lahars, with explosive 
ash clouds at the summit. 
  
 
 
 
 
 
 
 
 
 
 
 
Figure 13: 1638. Kircher in Alfano 
and Friedlaender (1929).  
 A cross section of the cone is 
proposed here showing a very 
deep crater with minor, 
probable effusive and 
fumarolic activity. 
 
 
 
Figure 14: 1684. Bulifon (1693) in 
Alfano and Friedlaender (1929). 
 
Vesuvius is shown as much 
shorter than Somma, with 
minor activity within the 
summit crater.   
There is no intracrateric 
conelet visible, suggesting that 
the crater is deep at this time, 
or in purely effusive activity.  
 
Figure 15: 1689.  Bulifon (1693), 
in Alfano and Friedlaender 
(1929). 
By 1689, 5 years after the 
previous image, a conelet has 
grown within the crater and 
shows moderate explosive 
activity.  There are no flows or 
activity outside of the crater 
at this time. 
 Figure 16: 1690. Bottoni (1692) in Alfano and Friedlaender (1929). 
Figure 17 shows one year later, with the intracrateric conelet with four other vents or 
fumaroles within the crater or on the conelet itself. 
 
 
 
  
Image Appendix: 1700s 
 
 
 
 
 
 
 
Figure 17: 1715. Petrini (1718) in 
Alfano and Friedlaender (1929). 
This shows lava flows extending to 
the SW and it is suggested that 
these are from the 1631 eruption.  
There is minor activity from the 
intracrateric conelet. 
Figure 18: 1734. Della Torre (1734) 
in Lorenzo (1931). 
Similar flows can be seen here, 
with additional activity to the S, 
with an apparent fissure on the S 
flank with minor gas emissions 
and lava - this is in the same place 
as the 1737 fissure (Figure 19), but 
is apparently pictured 3 years 
earlier either suggesting a 
discrepancy in image date or 
earlier activity here. 
Figure 19: 1737. Serao (1738) in 
Alfano and Friedlaender (1929). 
Figure 20: Palmieri (1880) in Lirer 
et al. (2005). 
The 1737 fissure is pictured in 
Figure 19 and Figure 20, clearly on 
the S flanks from the base of the 
cone and extending to a lower 
altitude, with lava effusion 
forming a long, narrow flow, 
almost reaching the coast. 
Meanwhile there is more 
explosive activity occurring at the 
summit. 
  
 
 
 
Figure 21: 1737. Duca Della Torre 
Senior (1805) in Lirer et al. (2005). 
The 1737 fissure and subsequent 
lava flow is clearly shown in Figure 
4, with relatively minor activity 
ongoing at the summit. 
 
 
 
 
Figure 22: 1751. Mercatti (?) In 
Alfano and Friedlaender (1929).  
In 1751 activity again was 
principally focussed towards the 
base of the cone, now to the E at 
two vents, with minor activity at 
the summit and a long, branching 
lava flow. 
 
Figure 23: 1754. Mecatti In Alfano 
and Friedlaender (1929). 
This shows similar activity in 1754 
with minor summit activity, and 
branching, narrow lavas from low 
on the cone to the E. 
 
Figure 24: 1754, in Lorenzo (1931). 
Figure 24 is clearly the same 
image as Figure 23, but with 
additional vents shown in activity 
to the south which are likely to be 
the 1760 eruption. This 
demonstrates the need to cross 
check the references to ensure 
correct identification of activity. 
 
  
 
 
Figure 25: 1754, in Lirer et al. 
(2005).  
These images all represent the 
1754 eruption, showing a 
number of vents close to the 
base of the cone and within the 
caldera at the E edge of the 
collapsed caldera, all showing 
effusive activity with lava 
emission and minor gas emission. 
Minor activity is ongoing at the 
summit, with the main activity at 
the lateral vents, with long, 
narrow, branching flows formed. 
Figure 26: 1754. Morghen, in 
Lirer et al. (2005). 
 
 
 
Figure 27: 1754. Morghen, inLirer 
et al. (2005). 
 
 
 
 
 
 
Figure 28: 1754. Duca della Torre 
Senior (1805), in Lirer et al. 
(2005). 
 
  
 
 
 
 
Figure 29: 1751,1754. Della Torre 
(1755). 
The lavas of 1751 and 1754 are 
seen here constrained to a 
channel, with the 1754 (left) 
1751 (right), and indication of a 
pahoehoe surface on the 1754 
flow and a’a on 1751. 
 
 
 
Figure 30: 1755. Della Torre in 
Phillips (1869). 
The summit of Vesuvius is seen 
with an intracrateric conelet and 
fumarolic activity at multiple 
locations on the conelet and 
minor activity within the crater 
of the conelet. 
 
 
 
Figure 31: 1755. Della Torre,  in 
Alfano and Friedlaender (1929). 
The summit of Vesuvius is again 
seen here with the crater filled 
with lavas and a conelet with 
minor activity.  
 
 
 
 
  
 
 
 
Figure 32: 1760. De Bottis on 
Scandone and Giacomelli (2009)  
This shows three aligned spatter 
cones on the gentle gradients of 
the lower flanks.  Each cone 
shows mild Strombolian activity 
with spatter and a lava flow.  
 
 
 
Figure 33: 1760. De Vito in Lirer et 
al. (2005).  
Effusive activity is seen to be 
ongoing at the summit with a 
possible flank vents in the 
foreground in purely effusive 
activity. 
 
Figure 34: 1760, in Alfano and 
Friedlaender (1929). 
This also shows minor activity at 
the summit, with three distinct 
parasitic cones east of Camaldoli. 
There are six distinct fountains 
and clouds from the flank vents, 
suggesting six individual vents in a 
confined area forming the 
scoria/spatter cones. The lava 
flow crosses the main coastal 
road and almost reaches the sea, 
branching and widening at the 
lower gradients. 
Figure 35: 1760. Fabris (1779) in 
Lirer et al. (2005). 
The cones are seen to be in radial 
alignment with the main Vesuvius 
cone here, with a probable a’a 
lava flow. 
  
 
 
 
 
Figure 36: 1760. Fabris (1779) in 
Lirer et al. (2005). 
Four cones after the eruption of 
1760 are seen forming a line 
towards the coast. Pahoehoe 
lavas are seen in the foreground 
(most proximal to the Vesuvius 
cone), with i Camaldoli to the 
right.  
 
Figure 37: 1760. Duca Della Torre 
Senior (1805) in Lirer et al. (2005). 
Four cones are again seen, during 
the eruption with effusive to mild 
strombolian activity at each of the 
cones, forming lava flows that 
inundate property. 
 
Figure 38: 1760. (1754?) in 
Lorenzo (1931). 
This is almost the same as Figure 
34, showing the activity of the 
low vents in a clear linear 
arrangement, with lavas almost 
reaching the coast. Six clouds are 
visible suggesting the number of 
vents.   
 
Figure 39: 1766 In Lorenzo (1931). 
 The lavas and four cones of 1760 
are visible in this image, which 
focussed on the activity of 1766, 
with possible lateral origin.  An 
intracrateric conelet is present 
with minor activity and an 
overflow to the east.  The lavas 
form a branched flow that 
reaches the lower slopes.  
  
 
Figure 40: 1766. Della Torre in 
Lirer et al. (2005). 
A branching overflow from the 
summit crater of Vesuvius is 
descending the Gran Cono with 
low explosivity activity. 
 
 
 
 
Figure 41: 1767. De Bottis (1768).  
Minor activity is apparent at the 
summit, with a narrow lava flow 
to the W towards Resina, which is 
channelled by the caldera walls. 
 
 
 
 
Figure 42: 1767. Hamilton in 
Alfano and Friedlaender (1929). 
The ever-changing summit of the 
Vesuvian cone is shown in, with 
an intracrateric conelet with 
minor activity from one vent 
throughout much of 1767, and 
two vents in October. 
  
 
 
 
 
 
Figure 43: 1767. Della Torre in 
Phillips (1869). 
Increased activity at the summit is 
seen, with an overflow or lateral 
fissure on the W side of the cone, 
and out towards Resina. The flow 
branches and widens with 
topography. 
 
 
 
Figure 44: 1767. Lorenzo (1931). 
The main eruption of 1767 was 
principally effusive with activity at 
the summit crater with either an 
overflow or lateral fissure to the 
N/NW, with lava flows channelled 
through the caldera and out onto 
the lower SW flanks in a fairly 
broad and branching flow, as 
seen in Figure 44 to Figure 46. 
 
Figure 45: 1767. Fabris (1767) in 
Lirer et al. (2005). 
 
 
 
Figure 46: 1767.  Della Torre 
(1768) in Lirer et al. (2005). 
 
 
 
 
 
  
 
 
 
 
Figure 47: 1767. De Marseille 
(1767) in Lirer et al. (2005). 
This is described as showing the 
1767 eruption, but appears to 
show activity from the summit 
and from vents on the S flank. 
Whilst this may merely be a 
different perspective of the lava 
flow, this seems to represent 
more closely perhaps the activity 
of 1794 or 1737. 
 
Figure 48: 1767. De Vito (1767) in 
Lirer et al. (2005). 
As above, this may not represent 
the activity of 1767, as this shows 
overflows from the summit 
primarily to the E.  These flows 
are restricted to the upper flanks.  
Two flank cones are visible, likely 
being i Camaldoli and Viuli or the 
1760 cones. 
 
Figure 49: 1767. Palmieri (1880) 
in Lirer et al. (2005). 
This clearly shows the 1767 lavas 
with minor Strombolian activity at 
the summit with a small eruption 
cloud and spatter fall-out, and the 
branching lava flow being 
channelled from the N of the 
cone and out to the W. 
 
 
 
 Figure 50: 1767. Duca Della Torre Senior (1805) in Lirer et al. (2005). 
Lava overflows are seen to the S with another flow to the N, possibly from vents within the 
caldera. Again this is not the normal view of 1767 activity, but it is possible that overflows 
occurred at multiple points of the crater.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
Figure 51: 1770. Hamilton in 
Alfano and Friedlaender (1929). 
Piles of pahoehoe lava are seen in 
the foreground within the caldera 
and minor activity at the summit, 
with no intracrateric conelet. 
There is a possible fracture down 
the NW flank of the Gran Cono, 
running the height of the cone, 
with a corresponding nook in the 
crater rim and two lava flows 
which seem to originate here. 
 
Figure 52: 1771.  Saint Non in 
Alfano and Friedlaender (1929). 
Effusive activity from the summit 
and a possible eruptive fissure on 
the N flank is seen in Figure 52 
and Figure 53, with lava 
channelled to the W and out of 
the caldera. 
 
Figure 53: 1771. Siniscalco (1881) 
in Lirer et al. (2005). 
 
 
 
 
Figure 54: 1771. De Bottis (1786) 
in Alfano and Friedlaender (1929). 
There are two distinct columns 
present on the fracture, 
suggesting two eruptive vents, 
one close to the base of the Gran 
Cono, and one half-way up the 
cone.  
  
 
Figure 55: 1771. La Marra in De 
Bottis (1786) in Lirer et al. (2005). 
This is a coloured version of 
Figure 54, showing the narrow, 
long lava flow extending not 
much beyond the caldera rim to 
the SW more clearly. 
 
 
Figure 56: 1773. De Bottis (1776) 
The bottom image shows the 
crater in October 1773 with an 
intracrateric conelet, lavas and 
fumaroles. The upper image 
shows December 1773 with a 
fissure extending down the 
northern Vesuvius cone. 
 
 
 
 
 
Figure 57: 1779. In Alfano and 
Friedlaender (1929). 
The 1779 eruption with >2000m 
lava fountains, inclined slightly to 
the N, with lightning in the ash 
cloud and apparent incandescent 
spatter fall out on the N cone 
and Somma walls.   
 
 
 
 
 
  
 
 
 
 
 
 
Figure 58: 1779. Fabris in Lirer et 
al. (2005). 
The lava fountains appear lower 
here. Possible clastogenic lava 
flows are seen on the N cone, 
and the fountain and its fallout is 
very much inclined to the N. 
 
 
 
 
 
 
 
Figure 59: 1779. Duca Della Torre 
Senior (1805) in Lirer et al. 
(2005). 
 
Figure 60: 1779. Palmieri (1880), 
in Lirer et al. (2005). 
 
Again, in both images, an 
inclination to the N is apparent, 
suggesting either origin from a 
non-vertical conduit or the action 
of the wind.  Numerous 
overflows or clastogenic lava 
flows are visible on the upper 
cone, extending towards the 
base of the cone. 
 
 
 
 
  
 
Figure 61: 1779. Fabris 
(1779) in Lirer et al. 
(2005). 
This is ascribed to 1779 
but may represent the 
1794 eruption.  An 
energetic eruption with 
the eruption column and 
fountains reaching 
>2000m is seen from the 
summit crater, and a 
possible northern 
fracture. 
 
 
 
Figure 62: 1779. Fabris (1779) in Lirer et al. (2005). 
The first image appears to represent the 1779 lava fountains with fallout to the north, 
including smoke on the Somma rim suggesting a fire here. The top right image shows 
pahoehoe lavas within the caldera with minor activity at the summit – it is unclear if these are 
from the 1779 eruption. The bottom image is difficult to interpret with an unclear vent origin. 
  
 
 
 
 
 
Figure 63: 1779. Fiorillo in De 
Bottis (1786) in Lirer et al. (2005). 
A fracture on the N flank of the 
Gran Cono is visible, and this is 
seen in a number of images within 
a decade of this scene.  Fumarolic 
activity in several locations on the 
Gran Cono is seen. A flow 
channelled through the valley 
leaving the caldera to the W is 
apparent - this may be an earlier 
(1767) flow. 
 
Figure 64: 1779, in Lorenzo (1931). 
The height of the lava fountains in 
comparison to the cone is 
depicted well here, although there 
may be some exaggeration with 
the height being greater than in 
the other images. Spatter fall out 
and lightning  is apparent. 
 
 
 
Figure 65: 1787, in Lorenzo (1931). 
There are a number of pictures in 
Lorenzo (1931) where the 
attributed year of eruption is 
questionable.  This shows a very 
significant eruption with summit 
activity and wide, long lava flows, 
that is attributed in Lorenzo to 
1787, but is more likely to 
represent 1794. 
  
 
 
 
 
 
 
 
 
Figure 66: 1790, in Lorenzo (1931). 
This image is said to be 1790 when 
it is likely to be the 1779 eruption, 
with an eruption column and lava 
fountains, and a lava flow to the 
N. 
 
 
 
 
 
 
Figure 67: 1794, in Alfano and 
Friedlaender (1929). 
There is much artwork portraying 
the eruption of 1794.  The 
explosive phase is seen here with 
a significant eruption column and 
tephra fallout from the summit. 
 
 
 
Figure 68: 1794. Morghen in 
Alfano and Friedlaender (1929). 
The extensive lavas that formed 
during 1794 are seen extending 
into the sea at Torre del Greco 
from the flanks.  A sustained 
eruption column is visible at the 
summit. 
 
 
  
 
 
 
 
 
Figure 69: 1794. In Alfano and 
Friedlaender (1929). 
There is evidence of a fissure or 
vent low on the cone, with the 
lavas extending into the town and 
largely burying the church (seen in 
Figure 87).  The cone is clearly 
truncated with a deep notch in the 
crater rim to the S.  
 
Figure 70: 1794. In Phillips (1869). 
The lavas seen are thick and show 
columnar jointing, extending into 
the sea. It is likely that these are 
the 1794 lavas at Torre del Greco. 
 
 
 
 
Figure 71: 1794. In Lorenzo (1931). 
Lavas from the summit, and 
activity or lava flows on the SW 
flanks are seen. 
 
 
 
 
 
Figure 72: 1794. De Vito in Lirer et 
al. (2005).  
This shows significant effusive 
activity at a vent to the SW at the 
base of the Gran Cono with lava 
fountains and ash emission, and 
lavas to the coast.  
 
  
 
 
 
 
 
Figure 73: 1794. De Vito in Lirer et 
al. (2005). 
Figure 73 to Figure 75 clearly show 
the effusive activity at the fracture 
on the SW flank of Vesuvius, with 
lava fountains of about 1000m, 
ash and gas emission and a long 
lava flow forming and reaching the 
coast. The vents appear to be at 
the base of the Gran Cono over 
the Somma rim. 
 
Figure 74: 1794. De Vito in Lirer et 
al. (2005). 
Figure 75: 1794. In Lirer et al. 
(2005). 
 
 
 
 
Figure 76: 1794. De Vito in Lirer et 
al. (2005). 
Figure 75 and Figure 76 clearly 
show the broad lava flows that 
formed during the 1794 eruption, 
inundating the town of Torre del 
Greco and extending into the sea.  
Activity is seen from the summit 
with overflows present, but the 
main lavas are from points at the 
base of the cone to the SW.  A 
number of vents are indicated by 
different spatter columns, 
especially apparent in Figure 76, 
where they appear to be aligned 
in a sub-radial pattern. 
  
 
 
 
Figure 77: 1794. Duca della Torre 
Senior in Lirer et al. (2005). 
The focus of the eruption is clearly 
at these flank vents in Figure 77 
and Figure 78, with an apparent 
lava fountain present in the first 
image, and less intense activity 
portrayed in the second. In both 
images there is no obvious activity 
at the summit, suggesting that 
activity was focussed at the lower 
vents. 
 
Figure 78: 1794. Della Gatta in 
Lirer et al. (2005). 
 
 
 
 
 
Figure 79: 1794. Unknown in Lirer 
et al. (2005). 
The extensive, and rapid 
incandescent lavas are seen from 
the base of the cone to the coast 
in both Figure 79 and Figure 80, 
with a plume observed within this 
suggesting an additional vent or 
fire.  
Figure 80: 1794. De Vito in Lirer et 
al. (2005). 
 
 
 
 
 
  
 
 
Figure 81: 1794. Duca della Torre 
Senior in Lirer et al. (2005). 
The lavas extend into the sea, and 
show steam/smoke at some areas 
through Torre del Greco. Activity 
is minimal now at the summit. 
 
 
 
 
 
Figure 82: 1794 in Lorenzo (1931). 
Figure 82 and Figure 83 again 
portray the long lavas that formed 
during the 1794 eruption, with 
minor activity at the summit and 
apparent lava flows to the NE as 
well as the main flow to the SW. 
 
 
Figure 83: 1794 in Lorenzo (1931). 
 
 
 
 
 
Figure 84: 1794, in Lorenzo (1931). 
The destroyed Torre del Greco 
with a’a lavas. 
 
 
  
 
 
 
 
 
Figure 85: 1794. Della Gatta in 
Lirer et al. (2005) 
The destroyed town of Torre del 
Greco is seen, with a’a lavas 
burying the buildings to some 
depth.  Activity save fumarolic 
emissions appears to be absent. 
 
 
 
 
 
 
Figure 86: 1794. In Lirer et al. 
(2005).  
A long, branching lava flow is 
shown, widening at the lower 
altitudes and inundating Torre del 
Greco, extending into the sea 
beyond.  The flows appear to 
begin some distance up the cone 
here.  
 
 
Figure 87: 1794. Pagano (1927). 
This shows the centre of Torre del 
Greco and the church that was 
partially buried by the lavas of 
1794.  
  
Image Appendix: 1800s 
 
 
 
 
Figure 88: 1804, in Alfano and 
Friedlaender (1929). 
Effusive to mild Strombolian 
activity is visible at the summit, 
with activity apparently focussed 
towards the S side of the crater 
and possibly two spatter sprays 
indicating two vents.  
 
Figure 89: 1804. Duca Della Torre 
Senior in Lirer et al. (2005). 
A lava overflow from the summit 
can be seen moving to the S, 
passing the caldera rim and onto 
the lower flanks.  
 
 
Figure 90: 1804, in Lorenzo 
(1931). 
The same overflow from the 
crater, which is clearly in effusive 
activity is seen, with the lava 
extending onto the lower flanks. 
 
 
 
 
Figure 91: 1805. In Alfano and 
Friedlaender (1929). 
This shows activity from the S 
edge of the crater again, with an 
overflow onto the lower flanks, 
appearing to branch in a number 
of places, and only mild activity 
at the summit. 
  
 
 
 
 
Figure 92: 1810. In Alfano and 
Friedlaender (1929). 
An apparently broad lava flow is 
visible on the SW flanks. It is 
unclear whether it is summit or 
flank activity because the cone is 
obscured by the gas and ash 
cloud.  
 
 
Figure 93: 1813, in Alfano and 
Friedlaender (1929). 
This again shows significant 
effusive activity at the summit, 
with some Strombolian spatter 
emission, and three overflows 
down the S flank of the Gran 
Cono reaching the base of the 
cone. 
 
 
Figure 94: 1817. In Alfano and 
Friedlaender (1929). 
A lava flow appears to descend to 
the lower flanks, with moderate 
ash or steam clouds.  The flow 
could be interpreted as a 
pyroclastic flow, however 
literature would indicate no 
pyroclastic flows for this time. 
 
 
 
  
 
Figure 95: 1817, in Alfano and 
Friedlaender (1929). 
This shows two small lava 
fountains at the summit, 
indicating two concurrently 
active vents.  
 
 
Figure 96: 1822. Unknown, from 
Anon. (1822). 
Strombolian activity appears to 
be present at the summit, with 
effusive activity at a vent on the 
SSW side of the Gran Cono.  The 
lava reaches the base of the 
cone, and bombs/spatter are 
seen at the summit.  
 
 
Figure 97: 1822. In Alfano and Friedlaender (1929). 
The secondary vent is shown in the same SW location between mid-way down the cone and 
the base of the cone in Figure 97 and Figure 98.  Two distinct columns are visible, a dark one 
from the summit and a white one from the lateral vent.  This change in colours may be 
because these are two separate vents, fed by different dykes and different parts of the feeding 
system. Alternatively the white column may represent steam generated from purely effusive 
activity at the lateral vent, whilst more explosive activity generating ash is present at the 
summit - and this is supported by Figure 96. 
  
 
 
 
 
 
Figure 98: 1822 in Lirer et al. 
(2005). 
 
 
 
 
 
 
Figure 99: 1822. In Alfano and 
Friedlaender (1929).  
This clearly shows significant 
effusive activity from the summit, 
with multiple overflows covering 
the majority of the W and S side 
of the cone, and some minor fire 
fountaining/spatter at the 
summit.  The lavas appear 
restricted to the Somma caldera. 
 
 
 
Figure 100: 1822. Poullet Scrope 
(1864) in Lirer et al. (2005). 
 The 1822 eruption is again seen 
here, but in a more explosive 
phase with a ~6km high eruptive 
column with fire fountaining 
from the summit, and ash fall to 
the N.   
  
 
 
Figure 101: 1822. Gentile in Lirer 
et al. (2005). 
The effusive stage of this 
eruption is seen here, with 
multiple overflows on the flanks 
of Gran Cono, with a lava flow 
extending to the S and lava 
fountains at the summit. 
 
 
 
 
Figure 102: 1822. In Lirer et al. 
(2005). 
This shows four principal 
overflows visible from the crater, 
with a flow to the S. This flow 
doesn’t appear to extend far 
beyond the Somma rim. Multiple 
overflows reach the base of the 
Gran Cono and coalesce, being 
then channelled to the S. 
 
Figure 103: 1822. Griffoni  in 
Alfano and Friedlaender (1929). 
After the eruption, a deep crater 
with no conelet is left with 
considerable fumarolic activity. 
 
Figure 104: 1822. Griffoni in 
Alfano and Friedlaender (1929). 
 This shows the multiple, 
branching overflows on the Gran 
Cono, forming a flow in the 
caldera. 
 
  
 
 
Figure 105: 1822. In Phillips 
(1869). 
The deep crater with fumarolic 
activity is shown. 
 
 
Figure 106: 1830. Busse in Alfano 
and Friedlaender (1929). 
This shows moderate 
Strombolian activity at the 
summit crater, with lava flows 
visible on the E flanks, channelled 
down valleys of the remnants of 
Somma. These may be flows 
from 1830 or from a previous 
event.  
 
 
Figure 107: 1833. Audot (1835). 
The crater with masses of intracrateric lavas (A) is seen in Figure 107, with an active conelet 
(B). There is fumarolic activity in the lavas, which appear to be a’a form, widespread and 
evenly distributed. The conelet is showing minor Strombolian activity with spatter and a minor 
ash cloud. Activity can be assumed to be persistent and minimal, as people can be seen in the 
foreground visiting the crater.  The crater is very nearly filled with lavas, and continued activity 
would result in overflows at the lower edges.
  
  
 
 
 
 
 
 
 
 
 
Figure 108: 1834. Diodati in 
Alfano and Friedlaender (1929). 
This shows minor activity in the E 
of the summit, with possible 
vents or a lava flow to the E.  The 
orange plume may suggest active 
fresh lavas with steam from 
lower on the flanks. 
 
 
Figure 109: 1834. Abich in Alfano 
and Friedlaender (1929). 
 
Figure 109 and Figure 110 show 
alignments of small vents or 
hornitos forming on the caldera 
floor with effusive activity and 
some spatter, and the formation 
of a’a lava flows. 
 
Figure 110: 1834. Abich in Alfano 
and Friedlaender (1929). 
 
 
 
 
Figure 111: 1834. Abich in Alfano 
and Friedlaender (1929). 
Hornitos are shown on the 
caldera floor comprising spatter 
and gas emission. 
 
 
 
 
 
  
 
 
 
 
Figure 112: 1834. In Lirer et al. 
(2005). 
A’a lava flows inundated 
Caposecchi, between Ottaviano 
and Boscoreale, with activity 
visible at the summit, and the 
flow can be seen to be 
channelled down a valley in the E 
caldera walls.  
 
 
Figure 113: 1834. Abich in Alfano 
and Friedlaender (1929). 
The crater after the eruption with 
several individual pits, and 
possible pahoehoe flows. 
 
 
Figure 114: 1839. Wenzel in 
Alfano and Friedlaender (1929). 
 This shows moderate activity at 
the summit, with an overflow to 
the W and ashfall to the SE. 
 
 
 
 
 
Figure 115: 1839, in Alfano and 
Friedlaender (1929). 
This shows the activity within the 
caldera with significant effusion 
of lavas from the cone.  
 
 
 
  
 
 
 
 
 
 
Figure 116: 1839. La Pira in Lirer 
et al. (2005). 
 Activity appears to be from 
points lower than the summit 
itself on the cone to the NE, with 
lava effusion forming lava flows 
channelled around to the N and 
W by the Somma walls. 
 
 
Figure 117: 1839. Palmieri (1880) 
in Lirer et al. (2005). 
Lava flows appear to have 
formed to the E and W with 
moderate activity at the summit.  
 
 
Figure 118: 1847, in Alfano and 
Friedlaender (1929). 
This shows effusive activity at the 
summit of the Gran Cono which 
is slightly higher than the Somma 
walls, with 3 overflows - two to 
the W which almost reach the 
base of the cone, and one to the 
S which appears to reach the 
base and extend for a short 
distance. 
 
Figure 119:1850. Palmieri (1880) 
from Lirer et al. (2005). 
This shows a fracture on the 
cone, about mid-way up the 
cone, likely to the NNE with lavas 
to the E and ongoing activity at 
the summit. 
 
 Figure 120: 1850-55. Roth (1857) 
Top image shows the cone with a fissure and small cones in 
1850 and a small lava flow reaching the caldera walls (N).  
The bottom image shows the situation in 1855, with a 
fissure from high on the cone with a lava flow and multiple 
areas of gas emission.  
  
 
 
Figure 121: 1855. Guarini, 
Palmieri and Scacchi in Alfano 
and Friedlaender (1929). 
A lava flow is channelled from a 
possible vent to the N of the 
cone within the caldera, down 
the Fosso Faraone towards the 
W.  There is no activity at the 
summit. 
Figure 122: 1855, in Alfano and 
Friedlaender (1929). 
This shows the lava to also be 
channelled down the Fosso 
Grande towards Resina. Both 
flows are narrow. 
Figure 123: 1857? In Lorenzo 
(1931). 
A lava flow is shown in Figure 123 
on the upper flanks, within the 
caldera to the W, in the same 
location as the 1858 activity, and 
it is likely that this is mis-
identified and in fact shows the 
1858 eruption.  
 Figure 124: 1858, in Alfano and 
Friedlaender (1929). 
 Minor activity at the summit 
crater.  Three active vents with 
the Crocelle and observatory in 
the background, between the 
Gran Cono and the new vents.  
Effusive activity with lava flows. 
Vents have formed small spatter 
cones, although it is possible the 
whole mound has been formed 
by the presence of these vents. 
 
  
 
 
 
 
 
 
Figure 125: 1858. Battista Gatti 
in Lirer et al. (2005). 
Multiple effusive vents are 
visible within the Somma 
caldera, away from the base of 
the cone, with associated lava 
flows.  Activity can be inferred 
as persistent and minor, due to 
the presence of spectators in 
both pictures Figure 124 and 
Figure 125.  
 
Figure 126: 1858. Ingram (1858) 
The broad nature of the flows, 
expanding from lateral vents 
within the caldera is seen. 
 
 
Figure 127: 1861. Rio (1877).  
8/12/1861.  Activity can be seen 
at the summit and at a vent low 
on the S flanks, with lava and 
lava bombs.  
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
Figure 128: 1861. Lertsahd 
(1861). 
 This shows explosive activity at 
the summit, with possible lava 
fountains or incandescent 
spatter emission, and a disturbed 
sea that was likely associated 
with the shocks from the 
eruption. 
Figure 129: 1861, from Rauhut 
(2012) 
Two plumes of smoke are visible, 
one within town and the other N 
of the town. These may 
represent vents with gas 
emission or fires.  There appears 
to be considerable damage to 
the buildings in the town. 
 
Figure 130: 1861. Heck (1861), 
on Rauhut (2012). 
Significant lava flows in two 
directions - to the SW and SE are 
visible, with activity apparently 
from the summit crater.  The 
main lava flows are to the SW. 
This eruption is likely the 1872 
eruption, not the 1861. 
 
Figure 131: 1861. Fergola in 
Alfano and Friedlaender (1929). 
Minor activity at the summit and 
at a vent low on the SW flanks is 
seen.  The orange colour of the 
SW plume suggests lava effusion. 
 
 
  
 
 
 
 
Figure 132: 1861. La Pira in Lirer 
et al. (2005). 
There appears to be effusive 
activity both at the summit and 
very low on the flanks, close to 
the coast, suggesting an effusive 
vent here. 
 
 
Figure 133: 1861.  Palmieri 
(1861) in Lirer et al. (2005). 
The low-profile cones along the 
1861 fissure, aligned sub-radially 
with the summit of the Gran 
Cono, aligned NE-SW.  A’a flows 
are seen in the foreground. 
Figure 134: 1867. Drucke on 
Leonardi (2012). 
This shows the top of the Gran 
Cono (A) with two small spatter 
conelets and an overflow at the 
lower part of the crater rim. Both 
conelets show activity, with the 
largest (B) showing Strombolian 
activity producing spatter and 
ash, whilst the smaller conelet 
(C) appears to be producing ash 
and gases only.  The surface 
darker, fresher lava (D) looks like 
a thin flow, however this appears 
to be on top of a mound (E) that 
may have developed through the 
outpouring of the lava. 
 
  
 
 
 
Figure 135: 1868. In Alfano and 
Friedlaender (1929). 
Two overflows down the W 
flanks to the base of the cone are 
seen, with effusive-Strombolian 
activity from the summit.   
  
 
Figure 136: 1868 in Lirer et al. 
(2005). 
This is a very stylised depiction of 
the same eruption as shown in  
Figure 135, with primarily 
effusive activity and lava flows 
overflowing from the summit 
crater to the W. 
 
Figure 137: 1868. In Phillips 
(1869). 
Multiple branching overflows on 
the cone can be seen with only 
low explosivity activity at the 
summit.  
 
 
 
Figure 138: 1868. In Phillips 
(1869). 
Effusion from the summit with a 
corresponding lava flow 
overflowing to the base of the 
cone to the NNW is seen. 
 
 
 
  
 
 
 
 
Figure 139: 1872. Daudena 
(1872) on Rauhut (2012). 
This is an image entitled “View 
of the Observatory when a new 
crater opens nearby” suggesting 
the cone visible is a lateral cone 
to the NW, with some explosive 
activity with large volcanic 
bombs and lava effusion.  The 
lavas appear to be a’a. 
 
 
Figure 140: 1872. In Lorenzo 
(1931). 
The flows can be extrapolated 
based on the gas emission, 
showing extensive flows to the 
W and shorter flows to the S, 
with an eruption column from 
the summit. 
 
 
Figure 141: 1872. Sommer 
(1872) in Alfano and 
Friedlaender (1929). 
Explosive activity from the 
summit is seen, with lava flows 
evident to the W and SE.  
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
Figure 142: 1872. Sommer 
(1872) in Alfano and 
Friedlaender (1929). 
An extensive a’a lava flow 
through San Sebastiano is 
shown.  The thickness cannot be 
estimated, but the width in this 
photo is approximately 16m. 
 
 
Figure 143: 1872. In Alfano and 
Friedlaender (1929). 
The Gran Cono is shown after 
the 1872 eruption from the NW.  
A nook (A) is present in the 
crater rim and a possible 
fracture (B) can be seen running 
from the top of the cone to the 
base in correspondence with 
this nook.  The lava flows (C) 
appear to originate from this 
fracture. 
 
Figure 144: 1872 in Lirer et al. 
(2005).  
This shows significant effusive 
activity at the summit and the W 
flanks. 
  
 
 
 
 
 
 
 
 
 
 
Figure 145: 1872. Mercalli (1872) 
in Lirer et al. (2005). 
A lava flow to the W, perhaps in 
San Sebastiano is seen here.  The 
flow appears to be at least one 
storey thick ~4m. 
 
 
 
Figure 146: 1872. Palmieri and 
Mallet (1873). 
An eruption column with an 
umbrella cloud and ash fall out 
are present, with clouds rising to 
the W and E either indicating the 
location of lavas. 
 
 
 
 
 
Figure 147: 1872. Palmieri and 
Mallet (1873). 
Significant activity at the summit 
with high eruption cloud, and 
possible secondary vent to the W 
and gases rising from the 
extensive lava flows. 
 Figure 148: 1872. In Alfano and Friedlaender (1929). 
A number of images depicting the activity of 1872 are shown. The top left image shows the 
edifice before the eruption, and the middle the edifice during the eruption with extensive lavas 
to the W. The left bottom image shows the crater rim after the eruption. The top right image 
shows a plan view with two main lava flows and many branches to the N, coalescing and 
moving to the W. There appear to be two craters at the summit with a notch to the W in the 
rim. The lower right image shows a hornito and a’a flows. 
 
 
 
 
 
 
 
 
Figure 149: 1880. Sommer (1880) 
in Alfano and Friedlaender 
(1929). 
This shows a hornito and 
fumarolic activity, and pahoehoe 
flows in the foreground. Activity 
must be persistent/minor/ceased 
temporarily with the presence of 
tourists. 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
Figure 150: 1895. Lorenzo (1931). 
Lava flows in a residential area 
can be seen.  It is hard to 
estimate the thickness of the flow 
although a man can be seen in 
the background, but the flow 
thickness clearly varies and is 
perhaps 3m in the foreground. 
 
 
Figure 151: 1895. Monticelli in 
Lirer et al. (2005) . 
This shows minor activity at the 
summit eruptive fissures 
extending from close to the top 
of the cone to the base, with gas 
emission or lava.  
 
Figure 152: 1897. Sommer (1897) 
in Alfano and Friedlaender 
(1929). 
This shows extensive a’a lava 
deposits in the caldera, with gas 
emission from the higher flanks.  
The gas cloud appears to be 
superimposed, which makes the 
date questionable too. 
 
Figure 153: 1897. Corelli In Alfano 
and Friedlaender (1929). 
Minor activity at the summit can 
be seen, and at a vent to the SW, 
with the appearance of being on 
the caldera rim close to the 
Crocelle. Short, branching lava 
flows are restricted to the upper 
flanks. 
  
 
 
Figure 154: 1897. Lorenzo (1931). 
Extensive lava deposits likely on 
the upper slopes of pahoehoe 
formation are visible here. 
 
 
 
 
 
Figure 155: 1897. Lorenzo (1931). 
The caldera floor is visible 
covered in extensive pahoehoe 
sheets, with gas emission in the 
background.  The presence of 
tourists suggests minor activity at 
this time. 
 
Figure 156: 1898. Sommer (1898) 
in Alfano and Friedlaender 
(1929). 
Two small active lava flows on 
the expanse of Colle Umberto are 
shown, with minor activity at the 
summit. 
 
 
 
Figure 157: 1899. Lorenzo (1931). 
A lava bomb within the caldera is 
seen on the side of the Cone 
which is covered with spatter. 
 
 
 
 
 
Image Appendix: 1900s 
 
 
 
 
 
 
 
 
 
Figure 158: 1900. Matteucci in 
Alfano and Friedlaender (1929). 
Small Vulcanian explosions in the 
summit crater.  
 
 
 
Figure 159: 1904.  In Alfano and 
Friedlaender (1929). 
Both pahoehoe and a’a lavas are 
visible within the Somma caldera, 
with two earlier mounds seen in 
the background. 
 
Figure 160: 1906. In Alfano and 
Friedlaender (1929). 
Effusive activity and overflows on 
the cone in March 1906 before 
the main eruption.  A small 
column of smoke indicates a sub-
terminal vent on the cone.  
 
Figure 161: 1906. In Lirer et al. 
(2005). 
The inundation of Boscotrecase 
with a’a lavas in the 1906 
eruption. 
 
 
 
 
 
 
  
  
 
 
 
 
 
 
Figure 162: 1906. In Alfano and 
Friedlaender (1929). 
The cone of Vesuvius can be seen 
with explosive ash emission, and 
significant ashfall coating the a’a 
lavas in the foreground.  
 
 
 
 
Figure 163: 1906. On Occhipinti 
(2007). 
The lava flow at Torre 
Annunziata can be seen, with the 
lava front being channelled down 
a road. This is an a’a flow with a 
thickness of 5-6m.  
 
 
Figure 164: 1906. On Occhipinti 
(2007). 
The a’a lavas through town, 
inferred to almost reach the first 
floor indicating a flow at least 2m 
thick. 
 
 
 
Figure 165: 1906. On Occhipinti 
(2007). 
The a’a lavas of 1906 are seen 
descending a steep slope.  
 
 
 
 
  
 
 
 
 
 
 
 
 
Figure 166: 1910. In Alfano and 
Friedlaender (1929). 
An ash-covered hornito within 
the caldera is seen, likely from 
the 1906 eruption. 
 
 
 
Figure 167: 1918. On Occhipinti 
(2007). 
This shows activity in October 
1918, with moderate 
Strombolian-effusive activity at 
the summit, with two overflows 
from the summit crater onto the 
Gran Cono.  These overflows are 
restricted to the upper cone.   
 
Figure 168: 1920. Lorenzo (1931). 
A fracture in lavas in the cone is 
visible, with evident degassing, 
and the presence of pahoehoe 
flows in the foreground 
suggesting there may be lava 
effusion here also. 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
Figure 169: 1920. Nowatschek in 
Alfano and Friedlaender (1929) 
The summit crater is visible with 
a small conelet degassing at the 
summit, and the crater floor 
covered with pahoehoe lavas. 
 
 
 
 
Figure 170: 1922. In Alfano and 
Friedlaender (1929) 
The top of a lava tube in a 
pahoehoe flow, with small lava 
stalactites from the roof.  
 
 
 
 
Figure 171: 1923. Nowatschek in 
Alfano and Friedlaender (1929). 
The crater is once again shown to 
be filling with lavas, with a small 
conelet degassing or in minor 
effusive activity.  
 
 
 
Figure 172: 1924. In Alfano and 
Friedlaender (1929). 
Similar activity was present at 
the summit crater throughout 
much of the 1920s, and this 
again shows an intracrateric 
conelet and the crater floor 
covered with pahoehoe flows. 
 
  
 
 
Figure 173: 1924. Dobe in Alfano 
and Friedlaender (1929). 
The intracrateric cone is shown 
with minor activity at the 
summit, and ropey pahoehoe 
lavas covering the crater floor. 
 
 
Figure 174: 1924. Pagano (1927) 
Activity is seen to have 
increased, with ash and spatter 
emission at the summit of the 
intracrateric conelet, and a 
narrow lava overflow onto the 
crater floor. 
 
 
 
Figure 175: 1925. In Alfano and 
Friedlaender (1929). 
This shows a pahoehoe lava flow 
contained within two levees. 
 
 
 
 
 
Figure 176: 1926. Pagano (1927), 
A conelet seen with gas and ash 
emission in the crater in February 
1926 indicates increasing activity. 
 
 
 
  
 
 
 
 
 
 
 
 
 
Figure 177: 1926. Heim in Alfano 
and Friedlaender (1929). 
The intracrateric conelet can be 
seen to be growing compared 
with the earlier 1920s, and is 
seen to be in minor explosive 
activity producing small ash 
clouds.  The crater floor is 
covered with pahoehoe lava 
flows. 
Figure 178: 1927. In Alfano and 
Friedlaender (1929). 
The intracrateric conelet has 
become more perfectly conical 
and symmetrical and appears to 
be largely covered in ash.  It is 
seen here minor gas and ash 
emission. Lava flows can be seen 
within the crater reaching the 
rim to the right. 
Figure 179: 1929. Lorenzo (1931). 
This shows minor gas emission at 
the summit with obvious effusive 
activity forming an overflow from 
the crater rim to the E forming a 
branching flow into the caldera, 
and channelled by the Somma 
walls to the E. 
Figure 180: 1929. In Lorenzo 
(1931). 
The lava overflow from the E 
edge of the crater is clearly 
apparent, forming a broad lava 
pond in the caldera and being 
channelled by Somma to the E. 
 
  
 
 
 
 
Figure 181: 1930. In Lorenzo 
(1931). 
The destructive power of the lava 
flow is demonstrated as it 
inundates a built up area, 
destroying and burying buildings. 
The lava appears to be a’a and at 
least 4m thick.  This is possibly 
the 1929 flow. 
 
Figure 182: 1930. In  Lorenzo 
(1931). 
The lava flow front is visible and 
may be estimated at about 4m in 
thickness. 
 
 
 
 
 
 
 
 
 
Figure 183: 1930. In Lorenzo 
(1931). 
Ropey pahoehoe lavas are seen 
at the base of the cone or 
caldera wall.  
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
Figure 184: 1933. On Occhipinti 
(2007). 
Hornitos or spatter cones within 
the crater showing minor activity 
and small spatter explosions are 
seen. 
 
 
 
 
 
 
Figure 185: 1933. On Occhipinti 
(2007). 
The intracrateric conelet is seen 
here with minor activity, small 
lava flows, and a plain of lava 
surrounding the conelet.  
 
 
 
 
Figure 186: 1939. On Occhipinti 
(2007). 
Figure 54 shows the intracrateric 
conelet with minor activity and 
pahoehoe lavas in the 
foreground. 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
Figure 187: 1944. Pesce and 
Rolandi (1994) in Lirer et al. 
(2005). 
This shows the crater before the 
eruption of 1944, with one 
central vent is active within an 
almost-full crater. Intracrateric 
lavas are clearly visible, with 
overflows apparently imminent 
to the SE. 
Figure 188: 1944. War-Office 
(1944) 
This shows the lavas in March 
1944, exiting the Somma caldera, 
and being channelled down 
through Massa di Somma and 
San Sebastiano. The length of the 
flow is incandescent suggesting a 
fairly rapid flow, likely a’a 
formation. 
Figure 189: 1944. On 
Vulkanisme.nl (2012) 
This shows an aerial view of the 
lavas.  The main lava flow can be 
seen to originate to the north of 
Gran Cono, and is channelled 
down the Fosso Faraone past the 
Crocelle. Many lobes of lava are 
also visible at the base of the 
Gran cono. These are obviously 
inflated and thicker at the base 
of the cone, but it cannot be said 
whether these were definitely 
overflows from the crater or 
from sub-terminal vents, (same 
for main flow. 
 
  
Figure 190: 1944. From Pesce 
and Rolandi (1994) in Lirer et al. 
(2005). 
The a’a lava flow on 22 March 
1944 inundating the town of San 
Sebastiano to a thickness of 5 to 
6m is seen.   
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Map Appendix: Pre-1600s 
 
Figure 1: Pre-AD79.  18th Century reconstruction of the Vesuvian area before the AD 79 
eruption. Image in Lorenzo (1931) 
Although referred to as Mont Vesuve on the map, the cone is clearly a simple, singular 
cone with an elongated crater (E-W) at the summit.  This would represent Somma, 
before its collapse and subsequent growth of the Vesuvian cone within the caldera.  
The flank vent of i Camaldoli is visible to the S, and two circles to the NW and NE are 
approximately at the sites of the cones of Strocchioni and San Giovanni.  The 
population is sparse. 
 
  
Map Appendix: 1600s 
 
 
 
 
 
 
Figure 2: 1631.  
Reconstruction of activity 
by Lirer et al. (2005).  
Here, significant coast-
reaching lava flows are 
shown with the 
inference of a summit 
origin, with only the 
distal ends visible.   
 
 
 
 
 
 
 
Figure 3: 1694.  
Reconstruction of activity 
by Lirer et al. (2005). 
Only the distal end of 
one lava flow is shown, 
whilst the direction of 
other flows, and their 
estimated length is 
demonstrated by the 
arrows.  Flows 
originated at the summit 
as overflows to the W. 
 Figure 4: 1698.  Reconstruction of activity by Lirer et al. (2005). 
Lirer et al. (2005) has interpreted the history to show the direction and estimated size 
of the flows, without any remnants of the flows visible on the map.  These are shown 
to be overflows to the WNW and SW. 
  
Map Appendix: 1700s 
 
 
 
 
 
 
 
 
Figure 5: 1707.  Reconstruction 
of activity by Lirer et al. (2005). 
No flow structure is seen, but 
Lirer et al. (2005) has 
interpreted the history to 
show a large overflow from 
the WSW crater forming a 
flow reaching the lower 
flanks. 
 
 
 
 
 
Figure 6: 1723.  Reconstruction 
of activity by Lirer et al. (2005). 
Lirer et al. (2005) shows a 
suggested flow originating as 
an overflow to the N and 
being channelled out of the 
caldera to the E towards 
Terzigno and with branches 
towards the S. 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
Figure 7: 1730.  Reconstruction 
of activity by Lirer et al. (2005). 
An estimated singular, non-
branching overflow from the 
SE rim of the crater to the SE. 
 
 
 
 
 
 
 
 
 
Figure 8: 1737.  Reconstruction 
of activity by Lirer et al. (2005). 
Lirer et al. (2005) shows a 
fracture high on the S flank of 
the Vesuvian cone with a 
long, thin flow, almost 
reaching the coast near Torre 
del Greco.  The proximal flow 
is shown as an arrow with a 
secondary flow near the 
summit towards the west. 
 
 
 Figure 9: 1754. Weber (1754). 
This shows the Bay of Naples, Campi Flegrei and Vesuvius, and shows a stark contrast 
in urbanisation to today, with primarily agricultural land visible.  This clearly shows the 
Somma caldera with the Vesuvian cone and a conelet within the crater.  There are two 
flows to the east related to the 1754 eruption, flowing towards Terzigno and 
Boscotrecase, and these appear to be constrained by levees. 
  
 
 
 
 
 
 
 
 
Figure 10: 1759.  Reconstruction 
of activity by Lirer et al. (2005). 
Lavas are shown as 
originating at the summit 
crater, with flows to the W, 
SW and to the NE, with the 
main flow to the SW towards 
Torre del Greco, reaching the 
lower flanks. 
 
 
 
 
 
 
Figure 11: 1760.  Reconstruction 
of activity by Lirer et al. (2005). 
A fracture is shown on the 
lower southern flanks with a 
wide, branching lava flow 
almost reaching the coast W 
of Torre Annunziata.  Two 
smaller flows from the upper 
fracture are inferred as not 
extending far. 
 
 
 Figure 12: 1767.  Reconstruction 
of activity by Lirer et al. (2005). 
Fractures are shown of the 
Vesuvian cone to the N, E, W 
and SE. With flows only 
originating from the lower 
end of the N fracture, and 
being channelled by the 
caldera, propagating to the E 
with a branched flow and 
distal ends visible, and to the 
S almost reaching 
Boscotrecase. 
Figure 13: 1771, Phillips (1869). 
This shows the flows of 1737 being a double branched flow originating on the southern 
flank and almost reaching the sea near Torre del Greco.  The 1760 flow is shown from a 
parasitic cone to the S, with a wide flow almost reaching the sea at Torre Annunziata. 
The 1767 and 1771 flows are also visible, with the branches of the 1767 extending to 
the W after being channelled from the northern cone.   
 
 
Figure 14: 1772. Map of the Gulf of Naples and Vesuvius. Hamilton (1772). 
This shows the whole region of the Gulf of Naples, Campi Flegrei and Vesuvius, 
showing minimal urbanisation.  Two flows are shown within the caldera to the W and 
NW.  A number of parasitic cones are visible, i Camaldoli to the south, two cones called 
Viuli here to the SE and in between a group of 5 cones with no name attributed (1760? 
I Monticelli?). These appear to form in a ring orientation. 
 
  
 
 
 
 
 
 
 
 
Figure 15: 1779.  Reconstruction 
of activity by Lirer et al. (2005). 
Lirer et al. (2005) shows a 
number of suggested flows, 
originating from the upper 
cone to the N. A fracture is 
present of the upper cone to 
the S.  The lavas extend to 
the E, without leaving the 
caldera, whilst to the W, a 
long branching flow reaches 
San Georgio, and a second 
long flow extends towards 
Torre del Greco. 
 
 
 
 
Figure 16: 1794.Hamilton 
(1795). 
This shows the distal end of 
the 1794 flow inundating 
Torre del Greco and 
extending into the sea.  This 
is a branched, wide flow, 
apparently widening at the 
lower altitude. 
 
 
 
  
 
 
 
Figure 17: (top) 1794. Bertuch 
(1801)  
Figure 18: (bottom) 1794. 
Bertuch (1801) 
 
Both Figure 17 and  
Figure 18 show very similar 
images for the 1794 eruption.  
The lower image in both 
shows the 1794 flow 
extending into and through 
Torre del Greco, and 
extending into the sea (as in 
Figure 16).  The upper images 
however show a slightly 
different depiction of 
Vesuvius, although it is 
clearly the same base map.  
In Figure 17 there are no 
highlighted lava flows, but 
instead this shows a general 
scene for Vesuvius.  Whilst in  
Figure 18, there are a number 
of flows shown in dark 
colours, with the 1794 
(entering Torre del Greco) 
and 1760 (entering Torre 
Annunziata) flows most easily 
identifiable.  Interestingly, 
lava flows also appear to be 
shown beyond the Somma 
wall towards Ottaviano. 
 
 
  
Figure 19: 1794.  Reconstruction of activity by Lirer et al. (2005). 
A radial fracture is shown on the Vesuvian cone to the NNE, with a suggested lava flow 
from the distal end of the fracture within the Atrio being channelled and propagating 
to the SE towards Boscoreale and Boscotrecase.  Another radial fracture is shown at 
much lower altitudes, of the edifice rather than the upper cone, with a wide flow 
entering Torre del Greco and extending into the sea.
   
Map Appendix: 1800s 
 
Figure 20: 1827, Tardieu (1827). 
This image clearly shows the elongated ~E-W summit caldera with the Vesuvian cone 
within, the cone of i Camaldoli and an elongate (N-S) parasitic cone or cone complex 
east of Camaldoli representing Viuli.  A number of lava flows are also visible, all 
depicted as very narrow, however indicative of extent. 
 Figure 21: 1804 from "old copperplate engraving" in Alfano and Friedlaender (1929). 
 
This shows the lavas of 1751, 1760, 1779, 1794 and is focussed on those of 1804 which 
are seen as a summit overflow which becomes multiple branches.  The location of the 
flank cones is unclear, with two sets of cones called Viuli, one complex of three cones 
by the 1794 flow, a small lava flow from between the Viuli cones to the E, and the 1760 
flow originating at cones here called “Li Monticelli” which were in fact earlier cones. 
 
 
 
 
 Figure 22: 1820.  From Necker in Phillips (1869). 
The proximal lavas of 1786 and 1817 are shown, whilst the crater is again shown to 
have 3 separate vents. 
 
Figure 23: 1822.  Reconstruction of activity by Lirer et al. (2005). 
Lirer et al. (2005) shows a large number of interpreted flows, restricted to the S side of 
the cone, with the longest flows forming to the SE towards Boscotrecase, but largely 
being restricted to the upper slopes. 
Figure 24: Flows of 1631 – 1832, Auldjo (1832). 
All the flows since the onset of activity in 1631 are shown but in limited detail.  General 
information on the dimensions of the flows can be gleaned. 
  
 
 
 
 
 
 
 
Figure 25: 1839.  Reconstruction 
of activity by Lirer et al. (2005). 
Three radial fractures of the 
cone are visible to the W, S 
and E, with an inferred lava 
flow to the W restricted to 
the upper flanks, and the 
known distal end of a flow to 
Caposecchi in the E shown 
with the inferred proximal 
end. This flow appears to 
widen on the lower 
gradients. 
 
 
 
Figure 26: 1850.  Reconstruction 
of activity by Lirer et al. (2005). 
Radial fractures are shown to 
the N and E, with a joining 
ring fracture, and another 
fracture to the NE producing 
a lava flow that is channelled 
around the cone and to the 
SE.  The proximal flow is 
inferred whilst the distal ends 
are shown as incomplete. 
 
  
Figure 27: 1855. Reconstruction 
of activity by Lirer et al. (2005). 
There appears to be a 
fracture shown of the upper 
cone with two lava flows 
inferred forming a singular 
long, thin flow, which 
branches at lower gradients 
into wider flows to San 
Sebastiano and San Georgio, 
with the distal ends known.
Figure 28: 1855. Guarini et al., (1855) in Lirer et al. (2005). 
The principle flows since 1631 are visible here with standardised widths, but more 
accurate lengths. 
 
 
 Figure 29: 1855.  Guiscardi (1855), in Phillips (1869). 
This shows the crater of containing separate smaller vents.  It would appear to show 
that 1850 activity occurred from two individual vents, whilst the 1855 activity occurred 
from a different vent. 
 
Figure 30: 1856. J. Roth (1857) in Lirer et al. (2005). 
This shows two distinct vents within the crater, and a number of standardised (widths) 
flows. 
  
 
 
 
 
 
 
Figure 31: 1860. Reclus (1876).  
This image focuses on the 
ruins of Pompei, but shows 
some distal ends of flows in 
Boscotrecase and Boscoreale, 
and interestingly shows a 
mound N of Pompei that is 
not now visible.  This could 
have been a parasitic vent, 
although it is not described 
anywhere. 
 
 
 
 
Figure 32: 1861. Reconstruction 
of activity by Lirer et al. (2005). 
A small radial fracture of the 
lower edifice to the SW is 
shown with a lava flow 
extending from the lower 
end of the fracture and not 
propagating far towards 
Torre del Greco.  A number 
of sub-radial fractures are 
also shown within Torre del 
Greco, extending into the 
sea. 
 
 
 Figure 33: 1861. M.Le Hon in Phillips (1869).  The crater with vents from 1737, 1751, 1754, 
1767, 1820, 1855.  It is clear that vents occur in all sectors of the caldera.  
 
Figure 34: 1861.  Palmieri in Alfano and Friedlaender (1929).  The activity of 1861 is shown 
here with fractures propagating from the low on the south-west flanks out into Torre 
del Greco.   A number of vents are seen at the proximal end of the fracture, which is 
radial with the summit crater. The lava flow is shown as reaching the outskirts of the 
town and combines with the 1794 flow.  The fractures curve and appear to extend into 
the sea. 
 Figure 35: 1862. National Map (1862), in Phillips (1869).  The summit of Vesuvius is 
shown with a number of vents from the 1850, 1855 and 1858 eruptions with 
corresponding lava flows and a fracture shown to the NW for the 1767 event.   
 
Figure 36: 1865. Le Hon (1865). This shows all the lavas since 1631, and indeed attributes 
flows to the 1631 event. This map is detailed with information on the shapes and 
dimensions of the flows, and also identifies the flows.
 Figure 37: Le Hon, 1866, in Lirer et al. (2005).  The flows are not identified on this map, but 
through shading can be separated and identified when compared with other 
information, and this is useful to corroborate flow dimensions, including length in 
particular.   
 
 
 
Figure 38: 1868.  Giuseppe 
Rodini (1869) in Lirer et al. 
(2005). 
A number of flows are 
identified here, as well as a 
number of vents.  A flow is 
apparently shown to the SE 
which appears as a ring, and 
this is neither identified or 
shown this clearly on any 
other map.
 Figure 39: 1868, Lobley (1868).  The lava flows are not identified but are shown as a 
blanket, but this can be used to deduce the distal ends.  A number of cones can also be 
seen to the SE, and a conelet within the crater. 
 
 
 
 
 
 
Figure 40: 1868. Reconstruction 
of activity byLirer et al. (2005).  
A fracture of the cone is 
shown to the NW, with a 
branching lava flow 
propagating to the west to 
San Sebastiano and Massa di 
Somma.
 Figure 41: 1869. Phillips (1869).  The flows are not identified individually but are instead 
are shown by century.  Detail is shown in some cases, whilst in others, for example the 
flow to Caposecchi are shown with generalised features. 
 
 
 
Figure 42: 1872. Reconstruction 
of activity by Lirer et al. (2005).  
Radial fractures to the NW 
and SW are shown, both with 
lava flows. The flow to the 
south is restricted to the 
upper flanks whilst the flow 
to the NW extends on the 
same path as the 1855 flows.
 Figure 43: 1881/8. Meyers-Gsell-Fels (1888).  The lavas since 1631 are clearly shown here, 
with emphasis on the 1872 flow to the NW.  A number of vents, including the parasitic 
vents are also shown.  This is a good map for the identification of flows and 
dimensions. 
 
 
Figure 44: 1881-1888, Johnston-
Lavis (1891). 
Johnston-Lavis (1881-1888) 
This is a very detailed map in 
high resolution, identifying 
the flows and structures 
within the flows, as well as 
identifying vents. N.B. This 
image is a montage of the 
map sections, which are 
available in much better 
detail. 
 
 Figure 45:1889. Meyers-Gsell-Fels (1889).  Very similar to Figure 43 but with no focus on a 
particular flow and now with the inclusion of Colle Umberto and Margherita, which 
indicates this map was constructed later than the date attached to the file suggests. 
Flows and vents are identified in some detail. 
 
 
Figure 46: 1889, Lobley (1868) in Lirer et al. (2005). This appears to be an annotated 
version of the Lobley map (Figure 39), here identifying some flows and vents. 
  
 
Figure 47: 1891. Wagner-Debes (1912). 
This identifies the flows and shows them in some detail, as well as many of the vents. 
With the inclusion of many place names, using this map it is also possible to more 
accurately identify flow extent. 
  
Map Appendix: 1900s 
 
Figure 48: Early 1900s. Vallardi and Corbellini (1900s).  The Somma caldera with some lava 
flows and vents identified.  There is a conelet visible within the crater, with 
intracrateric lava flows. 
 
 
Figure 49: 1906. Reconstruction 
of activity (Lirer et al., 2005). 
Fractures are shown to the 
NE and SSE producing minor 
lava flows, with another 
minor flow inferred to the 
WNW.  A number of vents 
are also shown to the SE with 
vents on the mid-lower 
flanks, and long, thin, 
branching lava flows into 
Boscotrecase.
 Figure 50: 1906. Perret (1924) in Lirer et al. (2005).  A number of flows are shown in some 
detail, with focus on the 1906 flows with the vents identified for each flow branch. 
 
Figure 51: 1926. Malladra in Lirer et al. (2005). 
The crater is shown containing a conelet and intracrateric lava flows from different 
periods.  Some proximal sections of overflows are also visible. 
 Figure 52: 1907-1929. I.G.M in Lirer et al. (2005).  A topographic map of the Somma caldera 
showing overflows from the crater into the caldera being channelled to the E and 
ponding by the caldera walls. A conelet is present within the crater, and fumaroles are 
identified near the Somma wall to the N. 
 
Figure 53: 1929. Rittmann in Lirer et al. (2005). The lavas of 1929 are shown in detail here, 
with several thin branches towards Terzigno, expanding into wider flows on the lower 
gradients.  The overflows are clearly from a lower edge of the crater, the same area as 
the overflows in the years earlier.  Other flows are also identified here, and a conelet is 
visible within the crater. 
 
Figure 54: 1929. Reconstruction of activity by Lirer et al. (2005). 
Lava flows are shown as coming from the E side of the crater and forming two flows 
towards Terzigno. 
Figure 55: 1929. Alfano and 
Friedlaender (1929).  
This shows all the flows up 
to 1929 in very similar 
colours identifiable by 
annotation.  The flows are 
detailed and this map is 
very useful for deduction 
of flow dimensions. 
 
  
 
Figure 56: 1944. Reconstruction of activity by Lirer et al. (2005). 
A number of fractures and flows are seen of the upper cone, with two main flows to 
the S and N.  The N flow follows the path of the 1855 and 1872 flows reaching San 
Sebastiano, whilst the S flow is restricted to the upper slopes.
  
Figure 57: The modern Geological Map, Rosi et al. (1987). 
This is the current geological map for Somma-Vesuvius, and shows the lava flows and 
deposits in detail, as well as some vents and fractures. This only shows the distal ends 
of lava flows, and those not covered by subsequent deposits or removed by human 
activity. 
 
 
Figure 58: Map modified from Rosi et al. (1987) by Ventura et al. (2005). 
The lavas are shown by age bracket, with the cones and pyroclastic deposits.  
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19/06/1717 21/12/1717 186 13 1 Persistent
Effusive/ 
Strombolian
Strombolian Summit Summit
22/12/1717 26/12/1717 5 1 Persistent
Effusive/ 
Strombolian
Strombolian Summit Summit
26/12/1717 02/09/1718 251 1 Persistent
Effusive/ 
Strombolian
Strombolian Summit Summit
03/09/1718 09/07/1719 310 1 Persistent
Effusive/ 
Strombolian
Strombolian Summit Summit
10/07/1719 06/05/1720 302 1 Persistent
Effusive/ 
Strombolian
Strombolian Summit Summit
07/05/1720 27/05/1720 21 1-2 Persistent
Effusive/ 
Strombolian
Strombolian Summit Summit
28/05/1720 30/04/1721 338 1 Persistent
Effusive/ 
Strombolian
Strombolian 3.1720.Eff Summit Summit
01/05/1721 07/06/1721 38 1 Persistent
Effusive/ 
Strombolian
Strombolian
Summit, 
sub-
terminal
Summit, 
sub-
terminal
SSW
08/06/1721 19/04/1723 681 1 Persistent
Effusive/ 
Strombolian
Strombolian Summit Summit
20/04/1723 08/07/1723 80 9 3 Paroxysmal Strombolian Vulcanian 3.1723. Str Summit Summit
With 
intensificati
on and exp 
activity, but 
prior to 
main exp 
paroxysm
4.47 Long 5.06
Mid-
length
0.2 Narrow 0.03 25 high 0.96 low 0.96 0.9 94
Mound 
seen in field
3.84
4.44 (but 
pulses of 
lava over 
the 
duration, 
not 
constant)
09/07/1723 03/09/1724 425 0 Repose
01/09/1724 29/09/1724 26 1-2 Persistent
Effusive/ 
Strombolian
Strombolian 3.1724.Str Summit Summit
30/09/1724 09/01/1725 102 1 Persistent
Effusive/ 
Strombolian
Strombolian Summit Summit
10/01/1725 15/08/1728 1314 2 Persistent
Effusive/ 
Strombolian
Strombolian Summit Summit
16/09/1728 26/02/1730 529 1 Persistent
Effusive/ 
Strombolian
Strombolian Summit Summit
27/02/1730 01/04/1730 34 10 2-3 Persistent
Effusive/ 
Strombolian
Strombolian Summit Summit
02/04/1730 24/12/1730 267 0 Repose
25/12/1732 10/01/1734 382 2 Persistent
Effusive/ 
Strombolian
Strombolian Summit Summit
11/01/1734 30/06/1735 536 1 Persistent
Effusive/ 
Strombolian
Strombolian Summit Summit
01/07/1735 30/07/1735 30 1 Persistent
Effusive/ 
Strombolian
Strombolian Summit Summit
01/08/1735 13/05/1737 652 1 Persistent
Effusive/ 
Strombolian
Strombolian Summit Summit
14/05/1737 04/06/1737 22 3 3 Paroxysmal
Effusive/ 
Strombolian
Strombolian
Lateral, 
Summit
Lateral S
Simultaneou
s
5.10 Long 4.82
Mid-
length
0.18 Narrow 0.29 0.08 27 high 1.29 Low 1.43
Main 
flow: 
0.93 
inferred 
of total 
1.29; 
SOFs 
0.14
SOFs : 
100. 
Main: 
72
4.75
2m, 7.5m 
and 3.6-
4.6m
7.56 Low 29.15 Medium 8.23 32
4 hours 
500ft long 
= 0.01m/s
Eff, then 
eff-str @ 
lateral, 
eff/str @ 
summit
Simple
05/06/1737 30/10/1744 2704 0 Repose
01/11/1744 24/10/1751 2548 1 Persistent
Effusive/ 
Strombolian
Strombolian 3.1750.Str Summit Summit IC 1.14-4.7
0.01 - 
0.02
25/10/1751 25/02/1752 124 26 2 Intense Effusive Strombolian 5.1751.Eff
Lateral, 
Summit
Lateral SE
Prior to 
explosive
5.73 Long 5.12
Mid-
length
0.28 Narrow 0.47 0.1 18 Medium 1.73 Low 1.87
Main 
flow: 
1.6; SLF: 
0.14
Main 
flow:  
92. SLF: 
100
11.68 and 
4.17 
(Philips). 4 
miles in 8 
hours = 
0.22
Eff @ 
lateral, 
eff/str @ 
summit
Simple, a'a. 
With some 
areas of 
pahoehoe
7.48 3.46
26/02/1752 01/12/1754 999 1 Persistent
Effusive/ 
Strombolian
Strombolian
3 and 
2.1752. 
Eff/str?
Summit Summit IC
02/12/1754 15/03/1755 104 52 2 Intense Effusive Strombolian
Lateral, 
Summit
Lateral SE
Prior to 
explosive
5.71 Long 5.13
Mid-
length
0.35 Medium 0.45 0.07 15 Medium 4.48 Medium 4.9
Main 
flow: 
2.58; 
SLF:0.42
Main: 
57; SLF: 
100
3 3m (field) 13.44 Low 2.99 Low 14.7 3.27
Eff @ 
lateral, 
eff/str @ 
summit
A'a in field
16/03/1755 27/03/1759 1473 1 Summit Summit
29/03/1759 31/03/1759 3 1 Summit Summit
01/04/1759 12/05/1759 42 0 Summit Summit
13/05/1759 20/05/1759 8 1
Lateral, 
Summit
Lateral SE
21/05/1759 05/11/1759 169 1 Summit Summit
06/11/1759 30/03/1760 146 1 Summit Summit
31/03/1760 22/12/1760 267 1 Summit Summit
23/12/1760 06/01/1761 15 8 2 Paroxysmal Strombolian Vulcanian
flank, 
summit
flank 
(main 
flow), 
summit
S
Initial period 
exp at vents, 
then eff.
7.10 Long 4.2
Mid-
length
0.4 Medium 0.52 0.06 11 low 2 low 2.28
4xSOF= 
0.28
Main: 0. 
SOFs: 
100
4
4 (in field, 
tumuli to 6)
8.65 Low 12.51 Medium 9.12 13.91
0.5mile in 
12 hours = 
0.02
Eff/str @ 
lateral, 
str @ 
summit
Simple
07/01/1761 30/06/1764 1271 0 Repose
01/07/1764 27/03/1766 635 1 Persistent Strombolian Strombolian Summit Summit 4.63 0.08
28/03/1766 15/12/1766 263 1 Persistent Strombolian Strombolian
Lateral, 
Summit
Lateral, 
Summit
SW, SE
Eff/str @ 
lateral 
and 
summit
16/12/1766 18/10/1767 307 1 Persistent
Effusive/ 
Strombolian
Strombolian Summit Summit
19/10/1767 27/10/1767 9 5 3 Paroxysmal Strombolian Vulcanian
Summit, 
sub-
terminal/
lateral
Summit, 
sub-
terminal/la
teral
NNW, 
SE?
4.77 Long 5.55 Long 0.20 Narrow 0.38 0.05 28 high 1.66 low 1.87
Main: 
1.2 of 
1.66. 
SOF: 
0.07; 
SLF:0.14
Main: 
72. 
SLF/SOF: 
100
21
15-21m in 
Atrio. (Flow 
volume 
calculated 
for area 
(0.35km^2) 
here 
(7x10^6m^
3)
11.50 Low 22.17 Medium
40palms in 
3 mins) 
=0.06m/s. 
599 canes 
(1.5km) in 
120mins = 
0.2m/s
Eff at 
vents, 
eff/str @ 
summit
28/10/1767 14/02/1770 841 0 Repose
15/02/1770 30/04/1770 75 2 1-2
Persistent-
Intense
Effusive/ 
Strombolian
Strombolian
Summit, 
sub-
terminal/
lateral
Summit, 
sub-
terminal/la
teral
E-N
Eff-Str @ 
summit 
and 
vents
01/05/1770 30/04/1771 365 0 Repose
01/05/1771 30/05/1771 30 1-2
Persistent-
Intense
Effusive/ 
Strombolian
Strombolian
Summit, 
sub-
terminal/
lateral
Summit, 
sub-
terminal/la
teral
E-N
Eff-Str @ 
summit 
and eff 
@vents
01/06/1771 28/12/1773 942 19 1 Persistent Strombolian Strombolian Summit Summit
29/12/1773 01/02/1774 35 1 Persistent Strombolian Strombolian Summit Summit
02/02/1774 03/08/1774 183 1 Persistent Strombolian Strombolian Summit Summit
04/08/1774 01/12/1774 120 1 Persistent Strombolian Strombolian Summit Summit
02/12/1774 19/12/1775 383 1 Persistent Strombolian Strombolian Summit Summit
20/12/1775 03/04/1776 106 1-2
Persistent/ 
Intense
Strombolian Strombolian
Lateral, 
Summit
Lateral, 
Summit
NW, 
NNW
Persistent, 
ongoing
Eff/str @ 
vents 
and 
summit
04/04/1776 28/07/1779 1211 1 Persistent Strombolian Strombolian Summit Summit
Persistent, 
ongoing
29/07/1779 13/08/1779 16 11 3+ Paroxysmal Strombolian Vulcanian
Lateral, 
Summit
Lateral, 
Summit
N, NNE
Prior to 
explosive
2.13
Mid-
length
1.89 Short
30m thick 
on N cone, 
75m thick 
in Atrio
3.5 
(Scandone)
3.7
Eff str 
@vents 
and 
summit
Clastogenic ~16
14/08/1779 17/09/1783 1496 0-1
Repose 
(persistent
?)
Strombolian Strombolian Summit Summit
18/08/1783 31/10/1785 806 1 Persistent
Effusive/ 
Strombolian
Strombolian NR Summit Summit
01/07/1785 30/11/1787 883 1 Persistent
Effusive/ 
Strombolian
Strombolian NR
Lateral, 
Summit
Lateral, 
Summit
N 0.01
Eff/Str @ 
summit, 
Eff @ 
vents
01/12/1787 31/07/1788 244 598 1 Persistent
Effusive/ 
Strombolian
Strombolian
Lateral, 
Summit
Lateral, 
Summit
Eff/Str @ 
summit, 
Eff @ 
vents
01/08/1788 15/08/1788 15 1 Persistent
Effusive/ 
Strombolian
Strombolian 3,1788,str
Lateral, 
Summit
Lateral, 
Summit
SE
Eff/Str @ 
summit, 
Eff @ 
vents
16/09/1788 04/09/1790 719 1 Persistent
Effusive/ 
Strombolian
Strombolian
Lateral, 
Summit
Lateral, 
Summit
Eff/Str @ 
summit, 
Eff @ 
vents
05/09/1790 16/11/1790 73 3 Paroxysmal
Effusive/ 
Strombolian
Vulcanian
Lateral, 
Summit
Lateral, 
Summit
S, W
Prior to 
explosive
Eff/Str @ 
summit, 
Eff @ 
vents
17/11/1790 15/06/1794 1307 1 Persistent Strombolian Strombolian Summit Summit
16/06/1794 05/07/1794 20 5 3+ Paroxysmal
Effusive 
then 
Vulcanian
Sub-
Plinian?
flank, 
summit
flank, 
summit
SW, NE
Prior to 
main 
explosive 
phase
6.43 Long 4.45
Mid-
length
0.5 Medium 0.67 0.13 9 low 2.2 Low 2.34 SLF: 0.14
Main 
flow: 0. 
SLF: 100
8.3
4.6m 
(field). 4.6, 
7.3-9.7, 3.6-
12 
(literature)
17.63 Low 40.8 Medium
4.6km in 5 
hours = 15
Str then 
Eff @ 
fissures
Simple
06/07/1794 14/01/1796 558 0 Repose
15/01/1796 11/08/1804 3131 1 Persistent
Effusive/ 
Strombolian
Strombolian 3, 1803 Summit Summit IC 23 0.09
12/08/1804 28/11/1804 109 47 2 Intense
Effusive/ 
Strombolian
Strombolian
4,1804,str&v
ulc
Summit Summit
Small exp. 
First, 
ongoing 
lavas
4.22 long 4.10
Mid-
length
0.28 Narrow 0.31 0.06 15 Medium 1.15 Low 1.15 0.65 57
4-8m 
mounds 
(field)
Monticelli 
after 18 
days 
(~2km) = 
Simple 4.6
1.13 (but 
high 
initial?)
29/11/1804 11/08/1805 256 1 Persistent
Effusive/ 
Strombolian
Strombolian Summit Summit
Ongoing, 
1xSOF
0.07 0.07 100
12/08/1805 19/10/1805 68 2 2-3 Intense
Effusive/ 
Strombolian
Strombolian Summit Summit
Lava 
fountains 
with exp 
initially and 
throughout
4.91 long 4.91
Mid-
length
0.19 Narrow 0.26 0.05 26 high 1.07 Low 1.07 0.6 56
4 miles in 
30 mins = 
3.55
Simple 4.28 49.54
20/10/1805 30/05/1806 223 1 Persistent
Effusive/ 
Strombolian
Strombolian Summit Summit Ongoing
31/05/1806 09/06/1806 10 2 2 Intense
Effusive/ 
Strombolian
Strombolian Summit Summit
Lava 
fountains 
with exp 
initially and 
throughout. 
Exp at end.
5.32 long 5.27
Mid-
length
0.23 Narrow 0.27 0.04 23 Medium 1.8 Low 1.8 0.9 50
3.5 miles in 
1 hour = 
1.56
Simple 7.2 42
10/06/1806 03/09/1809 1182 1 Persistent
Effusive/ 
Strombolian
Strombolian Summit Summit
04/09/1809 05/09/1809 2 1 Persistent
Effusive/ 
Strombolian
Strombolian
Summit, 
sub-
terminal/
lateral
Summit, 
sub-
terminal/la
teral
SE
Eff @ 
vents, 
Eff/str @ 
summit
06/09/1809 10/09/1810 370 1 Persistent
Effusive/ 
Strombolian
Strombolian Summit Summit
11/09/1810 22/09/1810 12 1 Persistent
Effusive/ 
Strombolian
Strombolian
Summit, 
sub-
terminal/
lateral
Summit, 
sub-
terminal/la
teral
S
Eff @ 
vents, 
Eff/str @ 
summit
23/09/1810 31/12/1811 465 1 Persistent
Effusive/ 
Strombolian
Strombolian Summit Summit
01/01/1812 28/02/1812 59 1 Persistent
Effusive/ 
Strombolian
Strombolian
Summit, 
sub-
terminal/
lateral
Summit, 
sub-
terminal/la
teral
SE
Eff @ 
vents, 
Eff/str @ 
summit
01/03/1812 08/10/1813 587 1 Persistent
Effusive/ 
Strombolian
Strombolian Summit Summit
Most <3, all 
<10
6.36 Max: 4.05
Persistent, 
ongoing, 
SOFs
0.21 100 0.84 <1
3.98 3.98 100
2.91
1.59
1.59 - 6.36 
(LS)
0.09 - 
4.05 (LS)
0.21
100
100
7.28
3.06 100Long 12.24
Flow X 
?>100. 
Flow 
Y=0.93. 
Flow Z = 
0.08
SOFs, 
ongoing, 
persistent 
minor 
activity
Persistent, 
ongoing, 
SOFs and 
SLFs
0.66 0.66 100Short
3.05-3.66 
(Philips)
0.003 
(Philips)
Flow A 4.63 
to >100. 
Flows B 
and C <1.
A=0.4, 
C=1.12
Eff/str 
@summi
t, eff @ 
lateral
1.77
3.06Persistent
0.97
SOFs, 
ongoing, 
persistent 
minor 
activity
SOFs, 
ongoing, 
persistent 
minor 
activity
1.82
2.87
Mid-
length
Persistent, 
ongoing, 
SOFs and 
SLFs
1.59
2.512.51
Mid-
length
Strombolian115
234
Effusive 4.52
Ongoing, 
SOFs and 
SLFs
2.63 2.4 2.4 100 9.6 Max. 6. 
Likely 
pahoehoe
850 1.26
100
100
163 0.17
4.08 3.88 0.18 1.63
0.84 0.84 100
1.82
0.97
Persistent, 
with SOFs 
and SLFs
Main 
flow: 1. 
SL/OFs: 
0.49
Main 
flow: 88. 
SLF: 100
Long
Mid-
length
Narrow 0.06
Mid-
length
09/10/1813 28/10/1813 20 31 1 Persistent
Effusive/ 
Strombolian
Strombolian
Summit, 
sub-
terminal/
lateral
Summit, 
sub-
terminal/la
teral
S
Eff @ 
vents, 
Eff/str @ 
summit
29/10/1813 28/02/1814 123 1-2 Persistent
Effusive/ 
Strombolian
Strombolian 2, 1813, Str
Summit, 
sub-
terminal/
lateral
Summit, 
sub-
terminal/la
teral
SE
Eff @ 
vents, 
Eff/str @ 
summit
01/03/1814 21/12/1817 1392 1 Persistent
Effusive/ 
Strombolian
Strombolian Summit Summit
22/12/1817 26/12/1817 5 1 Persistent
Effusive/ 
Strombolian
Strombolian
Summit, 
sub-
terminal/
lateral
Summit, 
sub-
terminal/la
teral
NE, SW
Eff @ 
vents, 
Eff/str @ 
summit
27/12/1817 30/11/1819 704 1 Persistent
Effusive/ 
Strombolian
Strombolian Summit Summit
01/12/1819 31/05/1820 183 1-2 Persistent
Effusive/ 
Strombolian
Strombolian
Summit, 
sub-
terminal/
lateral
Summit, 
sub-
terminal/la
teral
W, NW
Eff @ 
vents, 
Eff/str @ 
summit
01/06/1820 14/01/1822 593 1 Persistent
Effusive/ 
Strombolian
Strombolian 2,1821
Summit, 
sub-
terminal/
lateral
Summit, 
sub-
terminal/la
teral
Eff @ 
vents, 
Eff/str @ 
summit
15/01/1822 28/02/1822 45 1-2 Persistent
Effusive/ 
Strombolian
Strombolian
Summit, 
sub-
terminal/
lateral
Summit, 
sub-
terminal/la
teral
NW ongoing
Eff @ 
vents
28/02/1822 20/10/1822 235 1 Persistent
Effusive/ 
Strombolian
Strombolian
Summit, 
sub-
terminal/
lateral
Summit, 
sub-
terminal/la
teral
NW ongoing 13m max
Eff @ 
vents
21/10/1822 16/11/1822 27 3+ Paroxysmal
Strombolian
/ Vulcanian
Vulcanian
Summit, 
sub-
terminal/
lateral
Summit, 
sub-
terminal/la
teral
S, E
Prior to 
paroxysm
Eff @ 
vents, 
Eff/str @ 
summit
Separating 
flows is 
problemati
c. Effusion 
in 3 days is 
possible, 
for bulk = 
>100m3/s
17/11/1822 01/07/1824 593 0 Repose
02/07/1824 20/08/1831 2606 1 Persistent
Effusive/ 
Strombolian
Strombolian 1, 1826, str Summit Summit IC 232.55 1.03
20/08/1831 23/12/1832 492 1-2 Persistent
Effusive/ 
Strombolian
Strombolian Summit Summit
24/12/1832 24/05/1833 152 1 Persistent
Effusive/ 
Strombolian
Strombolian Summit Summit
25/05/1833 15/06/1833 22 1-2 Persistent
Effusive/ 
Strombolian
Strombolian Summit Summit
16/06/1833 26/11/1833 164 1 Persistent
Effusive/ 
Strombolian
Strombolian Summit Summit
27/11/1833 16/01/1834 51 1 Persistent
Effusive/ 
Strombolian
Strombolian Summit Summit
17/01/1834 21/08/1834 217 1 Persistent
Effusive/ 
Strombolian
Summit Summit
22/08/1834 02/09/1834 12 8 3
Intense/ 
Paroxysmal
Effusive/ 
Strombolian
Strombolian
/ Vulcanian
2, 1834,Str
Lateral, 
Summit
Lateral W, NE 6.69 long 7.65 long 0.56 Medium 1.0 0.27 14 medium 4.16 Medium 4.53
Main: 
2.3 (out 
of 4.16). 
W flow: 
0.37
Main 
flow: 55. 
W flow: 
100
5.05
4.6-5.5 (lit), 
3-4m (field)
21.01 Low 30.40 medium
Eff @ 
vents, 
Str @ 
summit
Simple 22.88 33
03/09/1834 31/12/1834 120 0 Repose
01/01/1835 31/12/1838 1461 1 Persistent
Effusive/ 
Strombolian
Strombolian Summit Summit Ongoing, IC
01/01/1839 03/01/1839 3 4 2-3
Intense/ 
Paroxysmal
Effusive/ 
Strombolian
Strombolian
/ Vulcanian
Lateral, 
Summit
Lateral, 
summit
E, W
Prior to 
explosive
6.21 long 5.92 long 0.44 Medium 0.75 0.4 13 medium 2 low 4 4 (field) 8 low 23.15 medium
Eff @ 
vents, 
Str @ 
summit
Simple
04/01/1839 19/09/1841 990 0 Repose
20/09/1841 01/09/1845 1443 1 Persistent
Effusive/ 
Strombolian
Strombolian Summit Summit IC
02/09/1845 04/02/1850 1617 1-2 Persistent
Effusive/ 
Strombolian
Strombolian
Summit, 
sub-
terminal
Summit, 
sub-
terminal
Ongoing 2.69
Mid-
length
2.52 short 0.16 Narrow 0.11 2.15
Main 
0.16 
(out of 
0.34), 
others 
1.81
Main: 
47; 
others 
100
05/02/1850 16/02/1850 12 6 2
Intense/ 
Paroxysmal
Effusive/ 
Strombolian
Strombolian
/ Vulcanian
Lateral, 
Summit
Lateral
N, NE, 
ENE
First and 
ongoing
4.44 long 5.34 long 0.25 Narrow 0.63 0.06 21 medium 1.73 low 2.15
Main 
0.91 
(out of 
1.73); 
3xSLF 
0.42
Main: 
53; SFLs 
100
3.6 
(philips)
7.74 17.92
Eff/Str @ 
vents, 
Str/Vulc 
@ 
summit
Simple 8.6 4.65
17/02/1850 13/12/1854 1761 0 Repose
14/12/1854 30/04/1855 138 1 Persistent Effusive Strombolian 3,1854 Summit Summit ongoing
01/05/1855 27/05/1855 27 28 2
Intense/ 
Paroxysmal
Effusive/ 
Strombolian
Strombolian
/ Vulcanian
Lateral Lateral N
First and 
ongoing
5.64 long 6.10 long 0.37 Medium 0.84 0.07 16 medium 2.86 Medium 2.86 2.02 71 4.9 4.9 (field) 15.5 Low 6.41 low
1 day to 
massa &SS, 
~5.6km, 
=0.06
Eff/Str @ 
vents, 
minimal 
@ 
summit
Simple
28/05/1855 18/05/1855 205 0 Repose
19/12/1855 26/05/1858 890 31 2 Persistent
Effusive/ 
Strombolian
Vulcanian 3, 1857 Summit Summit IC and SOFs 0.14 0.14 100
27/05/1858 12/04/1861 1052 1052 2 Persistent
Effusive/ 
Strombolian
Strombolian Lateral Lateral W, N, E
Ongoing, 
persistent
4.68 long 4.27
Mid-
length
0.63 wide 1.01 0.06 7 low 3.85 Medium 3.85 2.19 57 100
100 
(literature), 
10s of 
metres 
(field), 
comprising 
units 0.3
88.89 high 0.98 low
Initial faster 
flow 
covering a 
few kms in 
hours. 
Unknown
Eff/Str @ 
vents, 
minimal 
@ 
summit
Compound
13/04/1861 07/12/1861 239 1 Persistent
Effusive/ 
Strombolian
Strombolian Summit Summit IC
08/12/1861 31/12/1861 24 1 3 Paroxysmal
Strombolian
/ Vulcanian
Vulcanian
flank, 
summit
flank
ENE-
WSW
Explosive at 
fracture on 
opening, 
but lavas 
prior to 
paroxysm at 
summit
5.04 long 2.48 short 0.25 Narrow 0.30 0.03 10 low 0.55 low 0.55 0 0
Mainly 
str, 1 eff 
vent, 
minor @ 
summit
Simple 2.2 25.46
01/01/1862 09/02/1864 770 0 Repose
10/02/1864 14/11/1867 1374 1 Persistent
Effusive/ 
Strombolian
Strombolian Summit Summit IC
15/11/1867 30/11/1867 16 1 Persistent
Effusive/ 
Strombolian
Strombolian Summit Summit IC 3.85 2.97
01/12/1867 31/05/1868 183 8 1 Intense
Effusive/ 
Strombolian
Strombolian
Summit, 
sub-
terminal/
lateral
Summit, 
sub-
terminal/la
teral
SE 2.02
Mid-
length
1.80 short 0.20 Narrow 0.34 0.05 9 low 1.88
Main: 
0.13(ou
t of 
0.41); 
19 SOFs: 
1.33; 1 
SLF: 
Main: 
32; SOFs 
and SLF: 
100
Eff @ 
vents, 
Eff/str @ 
summit
7.52 0.48
01/06/1868 14/11/1868 167 1 Persistent
Effusive/ 
Strombolian
Strombolian Summit Summit IC and SOF 0.07 0.07 100
15/11/1868 26/11/1868 12 8 2-3
Intense/ 
Paroxysmal
Strombolian
?
Vulcanian
Lateral, 
Summit
Lateral NNW
Prior to 
explosive
3.61
Mid-
length
3.38
Mid-
length
0.16 Narrow 0.46 0.05 21 medium 1.07 low 1 1 100
6 
(literature)
8.7
Eff/str @ 
lower 
vents
Simple 4 5.79
27/11/1868 30/11/1870 734 0 Repose
01/12/1870 12/01/1871 43 1
13/01/1871 30/04/1871 108 1
01/05/1871 23/04/1872 359 1
24/04/1872 30/04/1872 7 1 2-3
Intense/ 
Paroxysmal
Strombolian 
(Eff @ 
vents)
Vulcanian
Lateral, 
Summit
Lateral NW, SW
Prior to 
explosive
5.89 long 5.69 long 0.34 Medium 0.90 0.02 17 medium 6.31 high 7.88
Main: 
1.42 
(out of 
6.31)
23 4.8
4.8 (field), 
6 in MdS 
(literature)
25.1 Low 290.51 high 37.82 437.8
4-5km in 
10 hours = 
0.13. 
1300m in 3 
hours = 
0.12
Eff @ 
lower 
vents, 
Str @ 
higher, 
Str @ 
summit
Simple
01/05/1872 17/12/1875 1326 0 Repose
18/12/1875 15/12/1881 2190 1035 1 Persistent
Effusive/ 
Strombolian
Strombolian 2, 1877
Summit, 
sub-
terminal/
lateral
Summit, 
sub-
terminal/la
teral
NW? 8.5 0.06
16/12/1881 31/01/1884 777 1
01/02/1884 01/05/1885 456 1
02/05/1885 01/07/1886 426 426 1 Persistent Effusive Effusive Lateral Lateral
SSW, SE, 
NE
Ongoing 2.21
Mid-
length
1.99 short 0.22 narrow 0.71 0.09 9 low 1.07
Main: 
0.5 (out 
of 0.79); 
2xSLFs: 
0.28
Main: 
63; SLFs: 
100
4.23-7.44 
(ESL)
0.11-
0.20 
(ESL)
Eff @ 
vents
Compound
02/07/1886 15/04/1887 288 1 Persistent Effusive Strombolian Summit Summit
16/04/1887 19/04/1887 4 1 Persistent Effusive Strombolian Summit Summit
20/04/1887 30/04/1889 742 124 1 Persistent Effusive Strombolian Summit Summit
01/05/1889 30/09/1889 152 1 Persistent Effusive Strombolian Summit Summit
01/10/1889 06/06/1891 614 1 Persistent Effusive Strombolian Summit Summit
07/06/1891 03/06/1894 1093 1093 2 Persistent Effusive Strombolian
Lateral, 
Summit
Lateral NNW
Ongoing, 
followed by 
crater filling
1.69 Short 1.91 short 0.39 Medium 0.58 0.09 5 low 1.1 low 1.1 0.6 55 135
135 (lit) 
(dome 
taken as 
this value, 
outside 
lower)
35.1 Medium 0.37 low
Effusive 
@ 
fracture
Compound
04/06/1894 02/07/1895 394 1 Persistent
Effusive/ 
Strombolian
Strombolian
Lateral, 
Summit
Summit IC and 1xSLF 0.14 0.14 100
Effusive 
@ 
fracture, 
eff/str 
@summi
t
03/07/1895 07/09/1899 1528 1528 2 Persistent
Effusive/ 
Strombolian
Vulcanian
Lateral, 
Summit
Lateral WNW Ongoing 2.64
Mid-
length
2.16 short 0.42 Medium 0.72 0.06 5 low 1.52 low 1.52 0.1 7 160
160m 
(dome, lit), 
some field 
areas at 4m, 
individual 
units 0.3
71.36 high 0.54 low
Effusive 
@ 
fracture, 
eff/str/v
ulc @ 
summit
Compound
08/09/1899 ########### 1448 2
Persistent/ 
Intense
Strombolian Strombolian 2,1903, str Summit Summit Ongoing 0.35 0.35 100 0.52 0.05
########### ########### 401 2
########### ########### 490 1
Lateral, 
summit
########### ########### 60 1
########### ########### 19 5 3+ Paroxysmal
Effusive @ 
vents. 
Vulcanian @ 
summit
Vulcanian 2, 1906, Str
Lateral, 
summit
Lateral
SSE, SE, 
NE
Prior to 
paroxysm
7.37 long 6.83 long 0.19 narrow 0.43 0.06 36 high 4.7 Medium 4.91
Main: 
0.6 (out 
of 4.7); 
1xSOF: 
0.07; 
1xSLF: 
0.14
Main: 
13; 
others: 
100
4
4m in 
several field 
outcrops.
19.4 low 44.91 medium
4.91 - 
19.64 (ESL)
11.37 - 
54.37 
(ESL)
2500m in 
30 hr = 
0.02
Eff @ 
vents, 
Str/Vulc 
@ 
summit
Simple 19.64 45.46
########### ########### 2630 0 Repose
########### ########### 4893 1 Summit Summit
########### ########### 2 1 Summit Summit
########### ########### 244 1 Summit Summit
########### ########### 2 1 Summit Summit
########### ########### 374 1 Summit Summit
########### ########### 2 1 Summit Summit
########### ########### 294 1 Summit Summit
########### ########### 6 6 2-3
Intense/ 
Paroxysmal
Effusive/ 
Strombolian
Strombolian Summit Summit
Ongoing, 
prior to 
main exp
5.25 long 5.42 long 0.16 narrow 0.53 0.03 34 high 1.68 low 1.75
Main: 0; 
SOF: 
0.07
Main: 0; 
SOF: 
100
Flow 
variable, 1m 
and 10m in 
field
2000m in 
an hour at 
Terzigno = 
0.56
Simple 7 12.96
########### ########### 397 1 Summit Summit
########### ########### 20 1 Summit Summit
########### ########### 62 1 Summit Summit
########### ########### 39 1 Summit Summit
########### ########### 934 1 Summit Summit
########### ########### 537 1-2 Summit Summit
########### ########### 84 1 Summit Summit
########### ########### 48 1 Summit Summit
########### ########### 99 1 Summit Summit
########### ########### 45 1 Summit Summit
########### ########### 219 1 Summit Summit
########### ########### 181 1 Summit Summit
########### ########### 253 1 Summit Summit
########### ########### 34 1 Summit Summit
########### ########### 761 1 Summit Summit
########### ########### 2 1 Summit Summit
########### ########### 321 1 Summit Summit
########### ########### 36 1 Summit Summit
########### ########### 446 1 Summit Summit
########### ########### 420 1-2 Summit Summit
########### ########### 386 1 Summit Summit
########### ########### 49 1 Summit Summit
########### ########### 23 1 Summit Summit
########### ########### 18 4 3 Paroxysmal
Strombolian
/ Vulcanian
Vulcanian 2, 1944, Vulc Summit Summit -
With 
intensificati
on and exp 
activity, but 
prior to 
main exp 
paroxysm
5.50 long 7.0 long 0.2 narrow 0.7 0.1 35 high 1.45 low 2.49 0.61 24 6.5
4m, 9m 
(literature), 
4m in SS, 2, 
2.8m (field)
9.72 Low 28.11 medium 16.1 46.8
6km in 62 
hours = 
0.03. 
(Scandone, 
93): On 
arrival at SS 
0.01 - 
0.03m/s. At 
22.30 of 
18/3 in  
Valle 
dell’Inferno 
= 0.003m/s. 
(Lirer, 
2005): 
19th, 
Simple
33.6 0.41 Compoundongoing
Ongoing Short short narrow 8 low 0.6 low 0 0 Low
0.06- 6.9, 
most 
calculated 
<1
Compound
low
Main: 
0.14 
(out of 
0.28); 
2xSLF: 
0.28
Main: 
50; SLFs: 
100
One flow to 
70m, one 
to 50m
1.32 Short 0.99 short 0.17 narrow 6
Main: 
0.27 
(out of 
0.87); 
others:0
.42
Main: 
31; 
Others 
100
0.87 low Compound
Ongoing 0.14 100
1.295 low
Effusive/ 
Strombolian
Strombolian
Persistent
Persistent
Persistent
Persistent
Persistent
Effusive/ 
Strombolian
Strombolian
Effusive/ 
Strombolian
Strombolian
Vulcanian
Effusive/ 
Strombolian
Strombolian83
N, NW
5, 1867, str
238
0.02 - 
3.24 
(ELS)
Summit, 
sub-
terminal
/lateral
Lateral, 
Summit
Lateral, 
Summit
WNW, 
ENE, NW
0.56
0.13
1.38
1.38-5.52 
(ELS)
0.14
Ongoing, 
SOFs and 
SLFs
Effusive/ 
Strombolian
0.83 
(1926: 
0.15; 
1927: 
0.08; 
1928: 
0.6)
1.85 2.10 0.25 0.50 0.03
Ongoing 1.66 Short
Main: 
0.09 
(out of 
0.33); 
15xSOFs
: 1.05
Main: 
27; 
SOFs: 
100
5.52 0.06
2.38
3.16 2.99
Eff/Str @ 
vents 
mid-
length
1.42 100 Pahoehoe1.42Ongoing
Eff @ 
vents, 
Eff/str @ 
summit
SE
Eff @ 
vents, 
Eff/str @ 
summit
Summit, 
sub-
terminal/l
ateral
Lateral, 
Summit
5.68 0.15
ongoing 1.98 Short 1.63 short 0.35 Medium 0.94 0.05
2.28
2.63 2.4 2.4 100
2.24 98Mid-
length
9.6 Max. 6. 
Likely 
pahoehoe
3.5Mid-
length
Mid-
length
wide 2.84 0.06 993.29 3.09 0.82 7.69
Mid-
length
9.12
<5. Flow X: 
7.41
Main 
flow: 1 
(out of 
2); 
2xSOFs 
0.21; 1 
SLF 0.14
Main:50
; SOFs 
and SLF 
100
9.4 21.11
46 13 2.66
8.6 0.06
Ongoing, 
multiple 
SOFs
Mid-
length
narrow 0.09 0.04
23 (one 
flow)
Medium 
(one 
flow, 
others 
would 
be low)
2.35
Eruption
Volumes calculated 
from area and thickness 
data, adjusted for dome 
formations where 
necessary (dome area at 
max height, area outside 
dome at 8m (x106m3)
Volume in Literature and source (a = 
Scandone et al., 1993; b = Lirer et al., 
2005), c = Della Torre (1743); d = Philips 
(1869)  (x106m3)
Mean of 
literature 
volumes 
(x106m3)
% 
similarity 
between 
column b 
and d
Mean of 
column b 
and d. 
Volume 
used for 
analysis 
(x106m3)
1631 48.37 73 (b) (adjusted for main flow to 44.79) 44.79 93 46.58
1737 6.13 16.88 (c), 9.05 (d), 10^6 (b) 8.98 68 7.555
1754 13.44 13.44
1760 8 9.8 (a), 8.8 (b) 9.3 86 8.65
1767 12.24 11 (a), 10.5 (b) 10.75 88 11.495
1794 18.2 23.5 (a), 10.6 (b) 17.05 94 17.625
1834 21.01 21.01
1839 8 8
1855 14 17 (a, b) 17 82 15.5
1858 57.75 120 (a, b) 120 48 88.875
1872 30.2 20 (b) 20 66 25.1
1891 34.2 36 (a, b) 36 95 35.1
1895 92.72 50 (a) 50 54 71.36
1906 18.8 20 (a, b) 20 94 19.4
1944 9.43 10 (a), 10-21 (b) (for single flow, 10) 10 94 9.715
Maximum Distance 
In addition to the maximum flow length, the maximum distance attained from the crater 
has been determined.  This is a factor controlled through the vent origin and topography, 
as well as flow-field length, and is important for hazard awareness.  
 
The values for the maximum distance that the lava flows reach (measured from the 
centre of the crater) range significantly: from flows restricted to close to the crater to 
flows reaching more than 7km distance.  Data for maximum distance of flows was 
available for 57 lava flows, taken for the longest lava flows produced during different 
eruptions.  Whilst a range of distances were reached by the lavas, the mean and median 
values are very similar at 4.1km and 4.5km respectively (Table 1).   
 
 Range  Mean Median  
Max. Distance of 
flows (km) 
1.32 – 7.37 (range of 
6.05) 
4.1 4.5 
 
Table 1: Statistics for the maximum distance the lavas reached measured from the centre of the 
crater. 
 
As with other characteristics, this is divided to give categories as below (Table 2) and 
demonstrates that 57% ( 
Table 3) of flow-fields (excluding the inferred overflows) reach beyond 4km from the 
crater. 
 
Classification Distance Remarks 
Proximal <2km Flows largely or totally restricted to the caldera. 
Intermediate 
distance 
2-4km 
Flows restricted to the upper flanks of the edifice.  Some of 
this distance is populated, though sparsely. 
Far-reaching  >4km 
Flows which reach the lower, often densely populated 
flanks. Some flows extending to the sea. 
 
Table 2: Classification based on maximum distance of flow from the centre of the current crater.  
 
 
 
  
Classification 
Number of 
flows 
Percentage (%) 
 
Proximal 6 13 
Intermediate 
distance 
14 30 
Far-reaching  26 57 
 
Table 3: Number of flows classified as short, mid-length and long for the period 1631-1944, with a 
pie chart showing the distribution. 
 
Maximum distance and vent location 
The change in vent location from summit to lateral to flank has, as expected, an effect on 
the maximum distance reached by the lavas, due to the increasing distance of the point of 
origin of the lavas from the central crater.  Flows from lateral and flank vents reach 
further from the central crater overall than flows from the summit, as in Table 4  
 Max.distance (km) of 
flows from: Summit 
Max.distance (km) of 
flows from: Lateral 
Max.distance (km) of 
flows from: Flank 
Range 
1.66 – 5.5 (range of 
3.84) 
1.32 – 7.37 (range of 
6.05) 
5.04 – 7.10 (range of 
2.06) 
Mean 3.6  4.1 6.4 
Median 3.81 4.3 6.7 
 
Table 4: Statistics for maximum distance of the lava flow from the centre of the crater for flows 
from summit, lateral and flank vents. 
 
 Summit Lateral Flank 
>4km 50 54 100 
>4km (with inferred 
short overflows)  
32 54 100 
 
Table 5: Percentage of flow-fields from the different vents reaching distances of over 4km from 
the crater.  The second row is the percentage when the inferred short overflows, otherwise 
excluded from analysis are included. 
All flank vent flow-fields, as expected, reach beyond 4km from the summit crater, and 
over half of lateral flow-fields also reach beyond this distance.  Half of summit flow-fields 
are found to reach beyond 4km, but with the inclusion of the inferred short overflows 
that were restricted to the Gran Cono, this figure is reduced to 32% (Table 5).  
 
The maximum distance of the lavas from the crater centre does not necessarily reflect the 
flow-field lengths, however there is some correlation with the area of the resulting lava 
flow-field, with increasing distance from the crater seen to relate to a slight increase in 
the area (Graph 1).  This is due to an increase in widening of the flow with distance, as 
well as, in the majority of cases, being due to the increase in flow length.   
 
 
Graph 1: Area of flow by maximum distance from centre of crater. 
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Graph 4: Average width by time 
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Graph 5: Average width of lava flows and vent location frequency graph. 
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Graph 6: Average width of flows and maximum explosivity frequency graph. 
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Graph 7: Average width of flows and main eruption style 
frequency graph. 
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Graph 8: Maximum width by time  
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Graph 9: Maximum width and vent location frequency graph. 
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Graph 10: Maximum length to average width ratio by time 
0 
1 
2 
3 
4 
0-5.00 5.01-10.00 10.1-15.00 15.1-20.00 20.1-25.00 25.1-30.00 30.1-35.00 35.01-40.00 
Fr
e
q
u
e
n
cy
 
Length to width ratio groups 
Max. Explosivity: Effusive Max. Explosivity: strombolian Max. Explosivity: vulcanian Max. Explosivity: Sub-plinian 
Graph 11: Maximum length to average width ratio and maximum explosivity 
frequency graph. 
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Graph 12: Maximum length to average width ratio and main eruption style 
frequency graph. 
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Graph 13: Area of main lava flows over time. 
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Effusive Strombolian Vulcanian Sub-Plinian 
Graph 14: Area and maximum explosivity frequency graph. 
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Effusive Eff-Str Strombolian  Str-Vulc Vulcanian Sub-Plinian 
Graph 15: Area and main eruption style frequency graph. 
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Graph 16: Thickness of flows over time. 
0 
1 
2 
3 
4 
5 
0-2 2.1-4 4.1-6 6.1-8 8.1-10 10.1-20 20.1-30 30.1-50 50.1-100 100.1-150 150.1-200 
Fr
e
q
u
en
cy
 
Thickness groups (m) 
Effusive Strombolian Vulcanian Sub-Plinian 
Maximum explosivity and thickness 
Graph 17: Thickness and maximum explosivity frequency graph. 
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Graph 18: Thickness of lava flows and principal eruption style frequency graph. 
 Graph 19: Volume with maximum explosivity frequency graph 
 
 
Graph 20: Volume and principal eruption style frequency graph 
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Graph 21: Effusion rate over time.  
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Graph 22: Effusion rate and vent location frequency graph. 
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Graph 23: Effusion rate and maximum explosivity frequency graph. 
 Graph 24: Length by area of lava flow 
 
 
Graph 25: Maximum length of flows and average width. 
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 Graph 26: Length to width ratio by area of flow. 
 
 
Graph 27: Thickness by maximum length. 
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 Graph 28: Duration of active lavas outside of the crater and the resulting area of the flow 
produced. 
 
 
Graph 29: MOR and duration. Circles represent compound flow-fields.  
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 Graph 30: MOR and volume. Circles represent compound flow-fields. 
 
 
Graph 31: Volume and thickness. Circles represent compound flow-fields. 
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 Graph 32: MOR and the average width of the flows. Circles represent compound flow-fields. 
 
 
Graph 33: MOR and length to width ratio. 
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 Graph 34: MOR and aspect ratio. Circles represent compound flow fields.
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Chapter 4. VEI over time. Chapter 4, Max and dominant eruptive style over time Chapter 4, Duration of active and repose periods Vent location over time, primary and secondary vents Chapter 4: Calculation of flow-field volumes Chapter 4, Number of eruptions of different styles
Date of Activity VEI Dates of Activity Maximum Explosivity
Code for 
Maximum 
Explosivit
y Dominant Style
Code for 
Dominant 
Style Dates of Activity
Number of 
days 
ACTIVE
Number of 
Days in 
REPOSE Date of Activity
Primary 
Vent 
Location
: 
SUMMI
T
Primary 
Vent 
Location
: 
LATERA
L
Primary 
Vent 
Location
: FLANK
Second
ary 
Vent 
Location
: 
SUMMI
T
Second
ary 
Vent 
Location
: 
LATERA
L
Second
ary 
Vent 
Location
: FLANK Eruption
Literatur
e 
volume 
(x106m3)
Source of 
literature 
volume
Volume 
calculate
d from 
area and 
thicknes
s 
(x106m3)
Percent
age 
similarity
Mean of 
the two 
volumes 
(x106m3)
15/12/1631 - 02/01/1632 4 15/12/1631 - 02/01/1632 Sub-Plinian 4 Sub-Plinian 4 15/12/1631 - 02/01/1632 19 - 15/12/1631 - 02/01/1632 1 3 1631 44.79
Adjusted for 
the single flow, 
from value of 
73 in Lirer 48.37 93 46.58
Eruption Style
Number 
of 
Eruption
s
Percentage 
of Events 
Number 
of 
Eruption
s
Percentage of 
Events 
03/01/1632 - 30/06/1637 0 03/01/1632 - 30/06/1637 Repose 0 Repose 0 03/01/1632 - 30/06/1637 - 2006 03/01/1632 - 30/06/1637 1737 8.98
Mean of 106 in 
Lirer, 16.88 in 
della Torre 
1743, 9.05 in 
Phillips 6.13 68 7.555
Repose 25 12% 25 12%
01/07/1637 - 27/11/1649 1 01/07/1637 - 27/11/1649 Strombolian 2 Strombolian 2 01/07/1637 - 27/11/1649 4533 - 01/07/1637 - 27/11/1649 1 1754 - 13.44 - 13.44
Effusive 2 1% 19 9%
28/11/1649 - 10/03/1650 2 28/11/1649 - 10/03/1650 Vulcanian 3 Stromb 2 28/11/1649 - 10/03/1650 103 - 28/11/1649 - 10/03/1650 1 1760 9.3
Mean of 8.8 in 
Lirer, 9.8 in 
Scandone 8 86 8.65
Effusive-Strombolian 0 0% 127 60%
11/03/1650 - 31/12/1652 1.5 11/03/1650 - 31/12/1652 Vulcanian 3 Stromb/Vulc 2.5 11/03/1650 - 31/12/1652 1027 - 11/03/1650 - 31/12/1652 1 1767 10.75
Mean of 10.5 
in Lirer, 11 in 
Scandone 12.24* 88 11.495
Strombolian 151 71% 28 13%
01/01/1653 - 24/02/1654 0 01/01/1653 - 24/02/1654 Repose 0 Repose 0 01/01/1653 - 24/02/1654 - 420 01/01/1653 - 24/02/1654 1794 17.05
Mean of 10.6 
in Lirer, 23.5 in 
Scandone 18.2 94 17.625
Strombolian-Vulcanian 0 0% 9 4%
25/02/1654 - 01/03/1654 1.5 25/02/1654 - 01/03/1654 Vulcanian 3 Stromb/Vulc 2.5 25/02/1654 - 01/03/1654 5 - 25/02/1654 - 01/03/1654 1 1834 - 21.01 - 21.01
Vulcanian 32 15% 3 1%
02/03/1654 - 02/07/1660 1 02/03/1654 - 02/07/1660 Strombolian 2 Strombolian 2 02/03/1654 - 02/07/1660 2315 - 02/03/1654 - 02/07/1660 1 1839 - 8 - 8
Sub-Plinian 2 1% 1 0.50%
03/07/1660 - 29/07/1660 3 03/07/1660 - 29/07/1660 Vulcanian 3 Vulcanian 3 03/07/1660 - 29/07/1660 27 - 03/07/1660 - 29/07/1660 1 1855 17 Scandone, Lirer 14 82 15.5
30/07/1660 - 25/03/1680 1 30/07/1660 - 25/03/1680 Strombolian 2 Strombolian 2 30/07/1660 - 25/03/1680 7179 - 30/07/1660 - 25/03/1680 1 1858 120 Scandone, Lirer 57.75* 48 88.875
26/03/1680 - 28/03/1680 1.5 26/03/1680 - 28/03/1680 Vulcanian 3 Stromb/Vulc 2.5 26/03/1680 - 28/03/1680 3 - 26/03/1680 - 28/03/1680 1 1872 20 Lirer 30.2 66 25.1
29/03/1680 - 11/08/1682 0.5 29/03/1680 - 11/08/1682 Strombolian 2 Strombolian 2 29/03/1680 - 11/08/1682 866 - 29/03/1680 - 11/08/1682 1 1891 36 Scandone, Lirer 34.2* 95 35.1
12/08/1682 - 22/08/1682 3 12/08/1682 - 22/08/1682 Vulcanian 3 Vulcanian 3 12/08/1682 - 22/08/1682 11 - 12/08/1682 - 22/08/1682 1 1895 50 Scandone 92.72* 54 71.36
23/08/1682 - 02/10/1685 0 23/08/1682 - 02/10/1685 Repose 0 Repose 0 23/08/1682 - 02/10/1685 - 1137 23/08/1682 - 02/10/1685 1906 20 Scandone, Lirer 18.8 94 19.4
03/10/1685 - 12/04/1694 1.5 03/10/1685 - 12/04/1694 Vulcanian 3 Stromb/Vulc 2.5 03/10/1685 - 12/04/1694 3114 - 03/10/1685 - 12/04/1694 1 1944 10
10 in 
Scandone, 10-
21 in Lirer, 10 
used for single 
flow 9.43 94 9.715
13/04/1694 - 29/04/1694 2.5 13/04/1694 - 29/04/1694 Vulcanian 3 Stromb/Vulc 2.5 13/04/1694 - 29/04/1694 17 - 13/04/1694 - 29/04/1694 1
30/04/1694 - 30/07/1696 0 30/04/1694 - 30/07/1696 Strombolian 2
Effusive/ 
Strombolian 1.5 30/04/1694 - 30/07/1696 823 - 30/04/1694 - 30/07/1696 1 * adjusted for thicker parts of flows.
31/07/1696 - 14/08/1696 2 31/07/1696 - 14/08/1696 Vulcanian 3 Stromb/Vulc 2.5 31/07/1696 - 14/08/1696 15 - 31/07/1696 - 14/08/1696 1 Scandone = Scandone et al. (1993); Lirer = Lirer et al. (2005).
15/08/1696 - 14/09/1697 0 15/08/1696 - 14/09/1697 Repose 0 Repose 0 15/08/1696 - 14/09/1697 - 396 15/08/1696 - 14/09/1697
15/09/1697 - 09/01/1698 2 15/09/1697 - 09/01/1698 Strombolian 2
Effusive/ 
Strombolian 1.5 15/09/1697 - 09/01/1698 117 - 15/09/1697 - 09/01/1698 2 1
10/01/1698 - 18/05/1698 1 10/01/1698 - 18/05/1698 Strombolian 2 Strombolian? 2 10/01/1698 - 18/05/1698 129 - 10/01/1698 - 18/05/1698 1
19/05/1698 - 15/07/1698 3 19/05/1698 - 15/07/1698 Vulcanian 3
Effusive/ 
Strombolian 1.5 19/05/1698 - 15/07/1698 58 - 19/05/1698 - 15/07/1698 2 1
16/07/1698 - 30/06/1701 1 16/07/1698 - 30/06/1701 Strombolian 2
Effusive/ 
Strombolian 1.5 16/07/1698 - 30/06/1701 1081 - 16/07/1698 - 30/06/1701 1
01/07/1701 - 15/07/1701 2 01/07/1701 - 15/07/1701 Vulcanian 3 Strombolian 2 01/07/1701 - 15/07/1701 15 - 01/07/1701 - 15/07/1701 1
16/07/1701 - 18/05/1704 1.5 16/07/1701 - 18/05/1704 Strombolian 2 Strombolian 2 16/07/1701 - 18/05/1704 1038 - 16/07/1701 - 18/05/1704 1
19/05/1704 - 23/05/1704 1.5 19/05/1704 - 23/05/1704 Strombolian 2 Effusive 1 19/05/1704 - 23/05/1704 5 - 19/05/1704 - 23/05/1704 1
24/05/1704 - 19/07/1706 1 24/05/1704 - 19/07/1706 Strombolian 2
Effusive/ 
Strombolian 1.5 24/05/1704 - 19/07/1706 787 - 24/05/1704 - 19/07/1706 1
20/07/1706 - 28/07/1707 1.5 20/07/1706 - 28/07/1707 Strombolian 2 Strombolian 2 20/07/1706 - 28/07/1707 374 - 20/07/1706 - 28/07/1707 1
29/07/1707 - 22/08/1707 3 29/07/1707 - 22/08/1707 Vulcanian 3 Strombolian 2 29/07/1707 - 22/08/1707 25 - 29/07/1707 - 22/08/1707 2 1
23/08/1707 - 04/02/1712 1 23/08/1707 - 04/02/1712 Repose 0 Repose 0 23/08/1707 - 04/02/1712 - 1627 23/08/1707 - 04/02/1712 1
05/02/1712 - 10/06/1712 1 05/02/1712 - 10/06/1712 Strombolian 2
Effusive/ 
Strombolian 1.5 05/02/1712 - 10/06/1712 127 - 05/02/1712 - 10/06/1712 1
11/06/1712 - 24/10/1712 0 11/06/1712 - 24/10/1712 Repose 0 Repose 0 11/06/1712 - 24/10/1712 - 136 11/06/1712 - 24/10/1712 1
25/10/1712 - 08/11/1712 1 25/10/1712 - 08/11/1712 Strombolian 2
Effusive/ 
Strombolian 1.5 25/10/1712 - 08/11/1712 15 - 25/10/1712 - 08/11/1712 1
09/11/1712 - 11/04/1713 0 09/11/1712 - 11/04/1713 Repose 0 Repose 0 09/11/1712 - 11/04/1713 - 154 09/11/1712 - 11/04/1713
12/04/1713 - 25/05/1713 1.5 12/04/1713 - 25/05/1713 Strombolian 2
Effusive/ 
Strombolian 1.5 12/04/1713 - 25/05/1713 44 - 12/04/1713 - 25/05/1713 1
26/05/1713 - 05/01/1714 0 26/05/1713 - 05/01/1714 Repose 0 Repose 0 26/05/1713 - 05/01/1714 - 225 26/05/1713 - 05/01/1714
06/01/1714 - 20/01/1714 1 06/01/1714 - 20/01/1714 Strombolian 2
Effusive/ 
Strombolian 1.5 06/01/1714 - 20/01/1714 15 - 06/01/1714 - 20/01/1714 1
21/01/1714 - 14/06/1714 0 21/01/1714 - 14/06/1714 Repose 0 Repose 0 21/01/1714 - 14/06/1714 - 145 21/01/1714 - 14/06/1714
15/06/1714 - 30/06/1714 2 15/06/1714 - 30/06/1714 Strombolian 2
Effusive/ 
Strombolian 1.5 15/06/1714 - 30/06/1714 16 - 15/06/1714 - 30/06/1714 1
01/07/1714 - 05/06/1717 1 01/07/1714 - 05/06/1717 Strombolian 2
Effusive/ 
Strombolian 1.5 01/07/1714 - 05/06/1717 1071 - 01/07/1714 - 05/06/1717 1
06/06/1717 - 18/06/1717 2.5 06/06/1717 - 18/06/1717 Strombolian 2
Effusive/ 
Strombolian 1.5 06/06/1717 - 18/06/1717 13 - 06/06/1717 - 18/06/1717 2 1
19/06/1717 - 21/12/1717 1 19/06/1717 - 21/12/1717 Strombolian 2
Effusive/ 
Strombolian 1.5 19/06/1717 - 21/12/1717 186 - 19/06/1717 - 21/12/1717 1
22/12/1717 - 26/12/1717 1 22/12/1717 - 26/12/1717 Strombolian 2
Effusive/ 
Strombolian 1.5 22/12/1717 - 26/12/1717 5 - 22/12/1717 - 26/12/1717 1
26/12/1717 - 02/09/1718 1 26/12/1717 - 02/09/1718 Strombolian 2
Effusive/ 
Strombolian 1.5 26/12/1717 - 02/09/1718 251 - 26/12/1717 - 02/09/1718 1
03/09/1718 - 09/07/1719 1 03/09/1718 - 09/07/1719 Strombolian 2
Effusive/ 
Strombolian 1.5 03/09/1718 - 09/07/1719 310 - 03/09/1718 - 09/07/1719 1
10/07/1719 - 06/05/1720 1 10/07/1719 - 06/05/1720 Strombolian 2
Effusive/ 
Strombolian 1.5 10/07/1719 - 06/05/1720 302 - 10/07/1719 - 06/05/1720 1
07/05/1720 - 27/05/1720 1.5 07/05/1720 - 27/05/1720 Strombolian 2
Effusive/ 
Strombolian 1.5 07/05/1720 - 27/05/1720 21 - 07/05/1720 - 27/05/1720 1
28/05/1720 - 30/04/1721 1 28/05/1720 - 30/04/1721 Strombolian 2
Effusive/ 
Strombolian 1.5 28/05/1720 - 30/04/1721 338 - 28/05/1720 - 30/04/1721 1
01/05/1721 - 07/06/1721 1 01/05/1721 - 07/06/1721 Strombolian 2
Effusive/ 
Strombolian 1.5 01/05/1721 - 07/06/1721 38 - 01/05/1721 - 07/06/1721 1
08/06/1721 - 19/04/1723 1 08/06/1721 - 19/04/1723 Strombolian 2
Effusive/ 
Strombolian 1.5 08/06/1721 - 19/04/1723 681 - 08/06/1721 - 19/04/1723 1
20/04/1723 - 08/07/1723 3 20/04/1723 - 08/07/1723 Vulcanian 3 Strombolian 2 20/04/1723 - 08/07/1723 80 - 20/04/1723 - 08/07/1723 1
09/07/1723 - 03/09/1724 0 09/07/1723 - 03/09/1724 Repose 0 Repose 0 09/07/1723 - 03/09/1724 - 425 09/07/1723 - 03/09/1724
01/09/1724 - 29/09/1724 1.5 01/09/1724 - 29/09/1724 Strombolian 2
Effusive/ 
Strombolian 1.5 01/09/1724 - 29/09/1724 26 - 01/09/1724 - 29/09/1724 1
30/09/1724 - 09/01/1725 1 30/09/1724 - 09/01/1725 Strombolian 2
Effusive/ 
Strombolian 1.5 30/09/1724 - 09/01/1725 102 - 30/09/1724 - 09/01/1725 1
10/01/1725 - 15/08/1728 2 10/01/1725 - 15/08/1728 Strombolian 2
Effusive/ 
Strombolian 1.5 10/01/1725 - 15/08/1728 1314 - 10/01/1725 - 15/08/1728 1
16/09/1728 - 26/02/1730 1 16/09/1728 - 26/02/1730 Strombolian 2
Effusive/ 
Strombolian 1.5 16/09/1728 - 26/02/1730 529 - 16/09/1728 - 26/02/1730 1
27/02/1730 - 01/04/1730 2.5 27/02/1730 - 01/04/1730 Strombolian 2
Effusive/ 
Strombolian 1.5 27/02/1730 - 01/04/1730 34 - 27/02/1730 - 01/04/1730 1
02/04/1730 - 24/12/1730 0 02/04/1730 - 24/12/1730 Repose 0 Repose 0 02/04/1730 - 24/12/1730 - 267 02/04/1730 - 24/12/1730
25/12/1732 - 10/01/1734 2 25/12/1732 - 10/01/1734 Strombolian 2
Effusive/ 
Strombolian 1.5 25/12/1732 - 10/01/1734 382 - 25/12/1732 - 10/01/1734 1
11/01/1734 - 30/06/1735 1 11/01/1734 - 30/06/1735 Strombolian 2
Effusive/ 
Strombolian 1.5 11/01/1734 - 30/06/1735 536 - 11/01/1734 - 30/06/1735 1
01/07/1735 - 30/07/1735 1 01/07/1735 - 30/07/1735 Strombolian 2
Effusive/ 
Strombolian 1.5 01/07/1735 - 30/07/1735 30 - 01/07/1735 - 30/07/1735 1
01/08/1735 - 13/05/1737 1 01/08/1735 - 13/05/1737 Strombolian 2
Effusive/ 
Strombolian 1.5 01/08/1735 - 13/05/1737 652 - 01/08/1735 - 13/05/1737 1
14/5/1737 - 04/06/1737 3 14/5/1737 - 04/06/1737 Strombolian 2
Effusive/ 
Strombolian 1.5 14/5/1737 - 04/06/1737 22 - 14/5/1737 - 04/06/1737 2 1
05/06/1737 - 30/10/1744 0 05/06/1737 - 30/10/1744 Repose 0 Repose 0 05/06/1737 - 30/10/1744 - 2704 05/06/1737 - 30/10/1744
01/11/1744 - 24/10/1751 1 01/11/1744 - 24/10/1751 Strombolian 2
Effusive/ 
Strombolian 1.5 01/11/1744 - 24/10/1751 2548 - 01/11/1744 - 24/10/1751 1
25/10/1751 - 25/02/1752 2 25/10/1751 - 25/02/1752 Strombolian 2 Effusive 1 25/10/1751 - 25/02/1752 124 - 25/10/1751 - 25/02/1752 2 1
26/02/1752 - 01/12/1754 1 26/02/1752 - 01/12/1754 Strombolian 2
Effusive/ 
Strombolian 1.5 26/02/1752 - 01/12/1754 999 - 26/02/1752 - 01/12/1754 1
02/12/1754 - 15/03/1755 2 02/12/1754 - 15/03/1755 Strombolian 2 Effusive 1 02/12/1754 - 15/03/1755 104 - 02/12/1754 - 15/03/1755 2 1
16/03/1755 - 27/03/1759 1 16/03/1755 - 27/03/1759 Strombolian 2 Effusive 1 16/03/1755 - 27/03/1759 1473 - 16/03/1755 - 27/03/1759 1
29/03/1759 - 31/03/1759 1 29/03/1759 - 31/03/1759 Strombolian 2 Effusive 1 29/03/1759 - 31/03/1759 3 - 29/03/1759 - 31/03/1759 1
01/04/1759 - 12/05/1759 0 01/04/1759 - 12/05/1759 Strombolian 2 Effusive 1 01/04/1759 - 12/05/1759 42 - 01/04/1759 - 12/05/1759 1
13/05/1759 - 20/05/1759 1 13/05/1759 - 20/05/1759 Strombolian 2 Effusive 1 13/05/1759 - 20/05/1759 8 - 13/05/1759 - 20/05/1759 2 1
21/05/1759 - 05/11/1759 1 21/05/1759 - 05/11/1759 Strombolian 2 Effusive 1 21/05/1759 - 05/11/1759 169 - 21/05/1759 - 05/11/1759 1
06/11/1759 - 30/03/1760 1 06/11/1759 - 30/03/1760 Strombolian 2 Effusive 1 06/11/1759 - 30/03/1760 146 - 06/11/1759 - 30/03/1760 1
31/03/1760 - 22/12/1760 1 31/03/1760 - 22/12/1760 Strombolian 2 Effusive 1 31/03/1760 - 22/12/1760 267 - 31/03/1760 - 22/12/1760 1
23/12/1760 - 06/01/1761 2 23/12/1760 - 06/01/1761 Vulcanian 3 Strombolian 2 23/12/1760 - 06/01/1761 15 - 23/12/1760 - 06/01/1761 3 1
07/01/1761 - 30/06/1764 0 07/01/1761 - 30/06/1764 Repose 0 Repose 0 07/01/1761 - 30/06/1764 - 1271 07/01/1761 - 30/06/1764
01/07/1764 - 27/03/1766 1 01/07/1764 - 27/03/1766 Strombolian 2 Strombolian 2 01/07/1764 - 27/03/1766 635 - 01/07/1764 - 27/03/1766 1
28/03/1766 - 15/12/1766 1 28/03/1766 - 15/12/1766 Strombolian 2 Strombolian 2 28/03/1766 - 15/12/1766 263 - 28/03/1766 - 15/12/1766 2 1
16/12/1766 - 18/10/1767 1 16/12/1766 - 18/10/1767 Strombolian 2
Effusive/ 
Strombolian 1.5 16/12/1766 - 18/10/1767 307 - 16/12/1766 - 18/10/1767 1
19/10/1767 - 27/10/1767 3 19/10/1767 - 27/10/1767 Vulcanian 3 Strombolian 2 19/10/1767 - 27/10/1767 9 - 19/10/1767 - 27/10/1767 1 2
28/10/1767 - 14/02/1770 0 28/10/1767 - 14/02/1770 Repose 0 Repose 0 28/10/1767 - 14/02/1770 - 841 28/10/1767 - 14/02/1770
15/02/1770 - 30/04/1770 1.5 15/02/1770 - 30/04/1770 Strombolian 2
Effusive/ 
Strombolian 1.5 15/02/1770 - 30/04/1770 75 - 15/02/1770 - 30/04/1770 1 2
01/05/1770 - 30/04/1771 0 01/05/1770 - 30/04/1771 Repose 0 Repose 0 01/05/1770 - 30/04/1771 - 365 01/05/1770 - 30/04/1771
01/05/1771 - 30/05/1771 1.5 01/05/1771 - 30/05/1771 Strombolian 2
Effusive/ 
Strombolian 1.5 01/05/1771 - 30/05/1771 30 - 01/05/1771 - 30/05/1771 1 2
01/06/1771 - 28/12/1773 1 01/06/1771 - 28/12/1773 Strombolian 2 Strombolian 2 01/06/1771 - 28/12/1773 942 - 01/06/1771 - 28/12/1773 1
29/12/1773 - 01/02/1774 1 29/12/1773 - 01/02/1774 Strombolian 2 Strombolian 2 29/12/1773 - 01/02/1774 35 - 29/12/1773 - 01/02/1774 1
02/02/1774 - 03/08/1774 1 02/02/1774 - 03/08/1774 Strombolian 2 Strombolian 2 02/02/1774 - 03/08/1774 183 - 02/02/1774 - 03/08/1774 1
04/08/1774 - 01/12/1774 1 04/08/1774 - 01/12/1774 Strombolian 2 Strombolian 2 04/08/1774 - 01/12/1774 120 - 04/08/1774 - 01/12/1774 1
02/12/1774 - 19/12/1775 1 02/12/1774 - 19/12/1775 Strombolian 2 Strombolian 2 02/12/1774 - 19/12/1775 383 - 02/12/1774 - 19/12/1775 1
20/12/1775 - 03/04/1776 1.5 20/12/1775 - 03/04/1776 Strombolian 2 Strombolian 2 20/12/1775 - 03/04/1776 106 - 20/12/1775 - 03/04/1776 2 1
04/04/1776 - 28/07/1779 1 04/04/1776 - 28/07/1779 Strombolian 2 Strombolian 2 04/04/1776 - 28/07/1779 1211 - 04/04/1776 - 28/07/1779 1
29/07/1779 - 13/08/1779 3 29/07/1779 - 13/08/1779 Vulcanian 3 Strombolian 2 29/07/1779 - 13/08/1779 16 - 29/07/1779 - 13/08/1779 2 1
14/08/1779 - 17/09/1783 0.5 14/08/1779 - 17/09/1783 Strombolian 2 Strombolian 2 14/08/1779 - 17/09/1783 1496 - 14/08/1779 - 17/09/1783 1
18/08/1783 - 31/10/1785 1 18/08/1783 - 31/10/1785 Strombolian 2
Effusive/ 
Strombolian 1.5 18/08/1783 - 31/10/1785 806 - 18/08/1783 - 31/10/1785 1
01/07/1785 - 30/11/1787 1 01/07/1785 - 30/11/1787 Strombolian 2
Effusive/ 
Strombolian 1.5 01/07/1785 - 30/11/1787 883 - 01/07/1785 - 30/11/1787 2 1
01/12/1787 - 31/07/1788 1 01/12/1787 - 31/07/1788 Strombolian 2
Effusive/ 
Strombolian 1.5 01/12/1787 - 31/07/1788 244 - 01/12/1787 - 31/07/1788 2 1
01/08/1788 - 15/08/1788 1 01/08/1788 - 15/08/1788 Strombolian 2
Effusive/ 
Strombolian 1.5 01/08/1788 - 15/08/1788 15 - 01/08/1788 - 15/08/1788 2 1
16/09/1788 - 04/09/1790 1 16/09/1788 - 04/09/1790 Strombolian 2
Effusive/ 
Strombolian 1.5 16/09/1788 - 04/09/1790 719 - 16/09/1788 - 04/09/1790 2 1
05/09/1790 - 16/11/1790 3 05/09/1790 - 16/11/1790 Vulcanian 3
Effusive/ 
Strombolian 1.5 05/09/1790 - 16/11/1790 73 - 05/09/1790 - 16/11/1790 2 1
17/11/1790  - 15/06/1794 1 17/11/1790 - 15/06/1794 Strombolian 2 Strombolian 2 17/11/1790  - 15/06/1794 1307 -
17/11/1790  - 
15/06/1794 1
16/06/1794 - 05/07/1794 3 16/06/1794 - 05/07/1794 Sub-Plinian 4
Effusive then 
Vulcanian 1 16/06/1794 - 05/07/1794 20 - 16/06/1794 - 05/07/1794 3 1
06/07/1794 - 14/01/1796 0 06/07/1794 - 14/01/1796 Repose 0 Repose 0 06/07/1794 - 14/01/1796 - 558 06/07/1794 - 14/01/1796
15/01/1796 - 11/08/1804 1 15/01/1796 - 11/08/1804 Strombolian 2
Effusive/ 
Strombolian 1.5 15/01/1796 - 11/08/1804 3131 - 15/01/1796 - 11/08/1804 1
12/08/1804 - 28/11/1804 2 12/08/1804 - 28/11/1804 Strombolian 2
Effusive/ 
Strombolian 1.5 12/08/1804 - 28/11/1804 109 - 12/08/1804 - 28/11/1804 1
29/11/1804 - 11/08/1805 1 29/11/1804 - 11/08/1805 Strombolian 2
Effusive/ 
Strombolian 1.5 29/11/1804 - 11/08/1805 256 - 29/11/1804 - 11/08/1805 1
12/08/1805 - 19/10/1805 2.5 12/08/1805 - 19/10/1805 Strombolian 2
Effusive/ 
Strombolian 1.5 12/08/1805 - 19/10/1805 68 - 12/08/1805 - 19/10/1805 1
20/10/1805 - 30/05/1806 1 20/10/1805 - 30/05/1806 Strombolian 2
Effusive/ 
Strombolian 1.5 20/10/1805 - 30/05/1806 223 - 20/10/1805 - 30/05/1806 1
31/05/1806 - 09/06/1806 2 31/05/1806 - 09/06/1806 Strombolian 2
Effusive/ 
Strombolian 1.5 31/05/1806 - 09/06/1806 10 - 31/05/1806 - 09/06/1806 1
10/06/1806 - 03/09/1809 1 10/06/1806 - 03/09/1809 Strombolian 2
Effusive/ 
Strombolian 1.5 10/06/1806 - 03/09/1809 1182 - 10/06/1806 - 03/09/1809 1
04/09/1809 - 05/09/1809 1 04/09/1809 - 05/09/1809 Strombolian 2
Effusive/ 
Strombolian 1.5 04/09/1809 - 05/09/1809 2 - 04/09/1809 - 05/09/1809 1 2
06/09/1809 - 10/09/1810 1 06/09/1809 - 10/09/1810 Strombolian 2
Effusive/ 
Strombolian 1.5 06/09/1809 - 10/09/1810 370 - 06/09/1809 - 10/09/1810 1
11/09/1810 - 22/09/1810 1 11/09/1810 - 22/09/1810 Strombolian 2
Effusive/ 
Strombolian 1.5 11/09/1810 - 22/09/1810 12 - 11/09/1810 - 22/09/1810 1 2
23/09/1810 - 31/12/1811 1 23/09/1810 - 31/12/1811 Strombolian 2
Effusive/ 
Strombolian 1.5 23/09/1810 - 31/12/1811 465 - 23/09/1810 - 31/12/1811 1
01/01/1812 - 28/02/1812 1 01/01/1812 - 28/02/1812 Strombolian 2
Effusive/ 
Strombolian 1.5 01/01/1812 - 28/02/1812 59 - 01/01/1812 - 28/02/1812 1 2
01/03/1812 - 08/10/1813 1 01/03/1812 - 08/10/1813 Strombolian 2
Effusive/ 
Strombolian 1.5 01/03/1812 - 08/10/1813 587 - 01/03/1812 - 08/10/1813 1
09/10/1813 - 28/10/1813 1 09/10/1813 - 28/10/1813 Strombolian 2
Effusive/ 
Strombolian 1.5 09/10/1813 - 28/10/1813 20 - 09/10/1813 - 28/10/1813 1 2
29/10/1813 - 28/02/1814 1.5 29/10/1813 - 28/02/1814 Strombolian 2
Effusive/ 
Strombolian 1.5 29/10/1813 - 28/02/1814 123 - 29/10/1813 - 28/02/1814 1 2
01/03/1814 - 21/12/1817 1 01/03/1814 - 21/12/1817 Strombolian 2
Effusive/ 
Strombolian 1.5 01/03/1814 - 21/12/1817 1392 - 01/03/1814 - 21/12/1817 1
22/12/1817 - 26/12/1817 1 22/12/1817 - 26/12/1817 Strombolian 2
Effusive/ 
Strombolian 1.5 22/12/1817 - 26/12/1817 5 - 22/12/1817 - 26/12/1817 1 2
27/12/1817 - 30/11/1819 1 27/12/1817 - 30/11/1819 Strombolian 2
Effusive/ 
Strombolian 1.5 27/12/1817 - 30/11/1819 704 - 27/12/1817 - 30/11/1819 1
01/12/1819 - 31/05/1820 1.5 01/12/1819 - 31/05/1820 Strombolian 2
Effusive/ 
Strombolian 1.5 01/12/1819 - 31/05/1820 183 - 01/12/1819 - 31/05/1820 1 2
01/06/1820 - 14/01/1822 1 01/06/1820 - 14/01/1822 Strombolian 2
Effusive/ 
Strombolian 1.5 01/06/1820 - 14/01/1822 593 - 01/06/1820 - 14/01/1822 1 2
15/01/1822 - 28/02/1822 1.5 15/01/1822 - 28/02/1822 Strombolian 2
Effusive/ 
Strombolian 1.5 15/01/1822 - 28/02/1822 45 - 15/01/1822 - 28/02/1822 1 2
28/02/1822 - 20/11/1822 1 28/02/1822 - 20/11/1822 Strombolian 2
Effusive/ 
Strombolian 1.5 28/02/1822 - 20/11/1822 235 - 28/02/1822 - 20/11/1822 1 2
21/10/1822 - 16/11/1822 3 21/10/1822 - 16/11/1822 Vulcanian 3
Strombolian/ 
Vulcanian 2.5 21/10/1822 - 16/11/1822 27 - 21/10/1822 - 16/11/1822 1 2
17/11/1822 - 01/07/1824 0 17/11/1822 - 01/07/1824 Repose 0 Repose 0 17/11/1822 - 01/07/1824 - 593 17/11/1822 - 01/07/1824
02/07/1824 - 20/08/1831 1 02/07/1824 - 20/08/1831 Strombolian 2
Effusive/ 
Strombolian 1.5 02/07/1824 - 20/08/1831 2606 - 02/07/1824 - 20/08/1831 1
20/08/1831 - 23/12/1832 1.5 20/08/1831 - 23/12/1832 Strombolian 2
Effusive/ 
Strombolian 1.5 20/08/1831 - 23/12/1832 492 - 20/08/1831 - 23/12/1832 1
24/12/1832 - 24/05/1833 1 24/12/1832 - 24/05/1833 Strombolian 2
Effusive/ 
Strombolian 1.5 24/12/1832 - 24/05/1833 152 - 24/12/1832 - 24/05/1833 1
25/05/1833 - 15/06/1833 1.5 25/05/1833 - 15/06/1833 Strombolian 2
Effusive/ 
Strombolian 1.5 25/05/1833 - 15/06/1833 22 - 25/05/1833 - 15/06/1833 1
16/06/1833 - 26/11/1833 1 16/06/1833 - 26/11/1833 Strombolian 2
Effusive/ 
Strombolian 1.5 16/06/1833 - 26/11/1833 164 - 16/06/1833 - 26/11/1833 1
27/11/1833 - 16/01/1834 1 27/11/1833 - 16/01/1834 Strombolian 2
Effusive/ 
Strombolian 1.5 27/11/1833 - 16/01/1834 51 - 27/11/1833 - 16/01/1834 1
1701/1834 - 21/08/1834 1 17/01/1834 - 21/08/1834 Effusive 1
Effusive/ 
Strombolian 1.5 1701/1834 - 21/08/1834 217 - 1701/1834 - 21/08/1834 1
22/08/1834 - 02/09/1834 3 22/08/1834 - 02/09/1834 Strombolian/ Vulcanian 3
Effusive/ 
Strombolian 1.5 22/08/1834 - 02/09/1834 12 - 22/08/1834 - 02/09/1834 2 1
03/09/1834 - 31/12/1834 0 03/09/1834 - 31/12/1834 Repose 0 Repose 0 03/09/1834 - 31/12/1834 - 120 03/09/1834 - 31/12/1834
01/01/1835 - 31/12/1838 1 01/01/1835 - 31/12/1838 Strombolian 2
Effusive/ 
Strombolian 1.5 01/01/1835 - 31/12/1838 1461 - 01/01/1835 - 31/12/1838 1
01/01/1839 - 03/01/1839 2.5 01/01/1839 - 03/01/1839 Strombolian/ Vulcanian 3
Effusive/ 
Strombolian 1.5 01/01/1839 - 03/01/1839 3 - 01/01/1839 - 03/01/1839 2 1
04/01/1839 - 19/09/1841 0 04/01/1839 - 19/09/1841 Repose 0 Repose 0 04/01/1839 - 19/09/1841 - 990 04/01/1839 - 19/09/1841
20/09/1841 - 01/09/1845 1 20/09/1841 - 01/09/1845 Strombolian 2
Effusive/ 
Strombolian 1.5 20/09/1841 - 01/09/1845 1443 - 20/09/1841 - 01/09/1845 1
02/09/1845 - 04/02/1850 1.5 02/09/1845 - 04/02/1850 Strombolian 2
Effusive/ 
Strombolian 1.5 02/09/1845 - 04/02/1850 1617 - 02/09/1845 - 04/02/1850 1
05/02/1850 - 16/02/1850 2 05/02/1850 - 16/02/1850 Strombolian/ Vulcanian 3
Effusive/ 
Strombolian 1.5 05/02/1850 - 16/02/1850 12 - 05/02/1850 - 16/02/1850 2 1
17/02/1850 - 13/12/1854 0 17/02/1850 - 13/12/1854 Repose 0 Repose 0 17/02/1850 - 13/12/1854 - 1761 17/02/1850 - 13/12/1854
14/12/1854 - 30/04/1855 1 14/12/1854 - 30/04/1855 Strombolian 2 Effusive 1 14/12/1854 - 30/04/1855 138 - 14/12/1854 - 30/04/1855 1
01/05/1855 - 27/05/1855 2 01/05/1855 - 27/05/1855 Strombolian/ Vulcanian 3
Effusive/ 
Strombolian 1.5 01/05/1855 - 27/05/1855 27 - 01/05/1855 - 27/05/1855 2
28/05/1855 - 18/05/1855 0 28/05/1855 - 18/05/1855 Repose 0 Repose 0 28/05/1855 - 18/05/1855 - 205 28/05/1855 - 18/05/1855
19/12/1855 - 26/05/1858 2 19/12/1855 - 26/05/1858 Vulcanian 3
Effusive/ 
Strombolian 1.5 19/12/1855 - 26/05/1858 890 - 19/12/1855 - 26/05/1858 1
27/05/1858 - 12/04/1861 2 27/05/1858 - 12/04/1861 Strombolian 2
Effusive/ 
Strombolian 1.5 27/05/1858 - 12/04/1861 1052 - 27/05/1858 - 12/04/1861 2
13/04/1861 - 07/12/1861 1 13/04/1861 - 07/12/1861 Strombolian 2
Effusive/ 
Strombolian 1.5 13/04/1861 - 07/12/1861 239 - 13/04/1861 - 07/12/1861 1
08/12/1861 - 31/12/1861 3 08/12/1861 - 31/12/1861 Vulcanian 3
Strombolian/ 
Vulcanian 2.5 08/12/1861 - 31/12/1861 24 - 08/12/1861 - 31/12/1861 3 1
01/01/1862 - 09/02/1864 0 01/01/1862 - 09/02/1864 Repose 0 Repose 0 01/01/1862 - 09/02/1864 - 770 01/01/1862 - 09/02/1864
10/02/1864 - 14/11/1867 1 10/02/1864 - 14/11/1867 Strombolian 2
Effusive/ 
Strombolian 1.5 10/02/1864 - 14/11/1867 1374 - 10/02/1864 - 14/11/1867 1
15/11/1867 - 30/11/1867 1 15/11/1867 - 30/11/1867 Strombolian 2
Effusive/ 
Strombolian 1.5 15/11/1867 - 30/11/1867 16 - 15/11/1867 - 30/11/1867 1
01/12/1867 - 31/05/1868 1 01/12/1867 - 31/05/1868 Strombolian 2
Effusive/ 
Strombolian 1.5 01/12/1867 - 31/05/1868 183 - 01/12/1867 - 31/05/1868 1 2
01/06/1868 - 14/11/1868 1 01/06/1868 - 14/11/1868 Strombolian 2
Effusive/ 
Strombolian 1.5 01/06/1868 - 14/11/1868 167 - 01/06/1868 - 14/11/1868 1
15/11/1868 - 26/11/1868 2.5 15/11/1868 - 26/11/1868 Vulcanian 3 Strombolian? 2 15/11/1868 - 26/11/1868 12 - 15/11/1868 - 26/11/1868 2 1
27/11/1868 - 30/11/1870 0 27/11/1868 - 30/11/1870 Repose 0 Repose 0 27/11/1868 - 30/11/1870 - 734 27/11/1868 - 30/11/1870
01/12/1870 - 12/01/1871 1 01/12/1870 - 12/01/1871 Strombolian 2
Effusive/ 
Strombolian 1.5 01/12/1870 - 12/01/1871 43 - 01/12/1870 - 12/01/1871 1 2
13/01/1871 - 30/04/1871 1 13/01/1871 - 30/04/1871 Strombolian 2
Effusive/ 
Strombolian 1.5 13/01/1871 - 30/04/1871 108 - 13/01/1871 - 30/04/1871 1 2
01/05/1871 - 23/04/1872 1 01/05/1871 - 23/04/1872 Strombolian 2
Effusive/ 
Strombolian 1.5 01/05/1871 - 23/04/1872 359 - 01/05/1871 - 23/04/1872 1 2
24/04/1872 - 30/04/1872 2.5 24/04/1872 - 30/04/1872 Vulcanian 3
Strombolian (Eff 
@ vents) 2 24/04/1872 - 30/04/1872 7 - 24/04/1872 - 30/04/1872 2 1
01/05/1872 - 17/12/1875 0 01/05/1872 - 17/12/1875 Repose 0 Repose 0 01/05/1872 - 17/12/1875 - 1326 01/05/1872 - 17/12/1875
18/12/1875 - 15/12/1881 1 18/12/1875 - 15/12/1881 Strombolian 2
Effusive/ 
Strombolian 1.5 18/12/1875 - 15/12/1881 2190 - 18/12/1875 - 15/12/1881 1 2
16/12/1881 - 31/01/1884 1 16/12/1881 - 31/01/1884 Strombolian 2
Effusive/ 
Strombolian 1.5 16/12/1881 - 31/01/1884 777 - 16/12/1881 - 31/01/1884 2 1
01/02/1884 - 01/05/1885 1 01/02/1884 - 01/05/1885 Strombolian 2
Effusive/ 
Strombolian 1.5 01/02/1884 - 01/05/1885 456 - 01/02/1884 - 01/05/1885 2 1
02/05/1885 - 01/07/1886 1 02/05/1885 - 01/07/1886 Effusive 1 Effusive 1 02/05/1885 - 01/07/1886 426 - 02/05/1885 - 01/07/1886 2
02/07/1886 - 15/04/1887 1 02/07/1886 - 15/04/1887 Strombolian 2 Effusive 1 02/07/1886 - 15/04/1887 288 - 02/07/1886 - 15/04/1887 1
16/04/1887 - 19/04/1887 1 16/04/1887 - 19/04/1887 Strombolian 2 Effusive 1 16/04/1887 - 19/04/1887 4 - 16/04/1887 - 19/04/1887 1
20/04/1887 - 30/04/1889 1 20/04/1887 - 30/04/1889 Strombolian 2 Effusive 1 20/04/1887 - 30/04/1889 742 - 20/04/1887 - 30/04/1889 1
01/05/1889 - 30/09/1889 1 01/05/1889 - 30/09/1889 Strombolian 2 Effusive 1 01/05/1889 - 30/09/1889 152 - 01/05/1889 - 30/09/1889 1
01/10/1889 - 06/06/1891 1 01/10/1889 - 06/06/1891 Strombolian 2 Effusive 1 01/10/1889 - 06/06/1891 614 - 01/10/1889 - 06/06/1891 1
07/06/1891 - 03/06/1894 2 07/06/1891 - 03/06/1894 Strombolian 2 Effusive 1 07/06/1891 - 03/06/1894 1093 - 07/06/1891 - 03/06/1894 2 1
04/06/1894 - 02/07/1895 1 04/06/1894 - 02/07/1895 Strombolian 2
Effusive/ 
Strombolian 1.5 04/06/1894 - 02/07/1895 394 - 04/06/1894 - 02/07/1895 1 2
03/07/1895 - 07/09/1899 2 03/07/1895 - 07/09/1899 Vulcanian 3
Effusive/ 
Strombolian 1.5 03/07/1895 - 07/09/1899 1528 - 03/07/1895 - 07/09/1899 2 1
08/09/1899 - 26/08/1903 2 08/09/1899 - 26/08/1903 Strombolian 2 Strombolian 2 08/09/1899 - 26/08/1903 1448 - 08/09/1899 - 26/08/1903 1
27/08/1903 - 30/09/1904 2 27/08/1903 - 30/09/1904 Vulcanian 3
Effusive/ 
Strombolian 1.5 27/08/1903 - 30/09/1904 401 - 27/08/1903 - 30/09/1904 2 1
01/10/1904 - 02/02/1906 1 01/10/1904 - 02/02/1906 Vulcanian 3
Effusive/ 
Strombolian 1.5 01/10/1904 - 02/02/1906 490 - 01/10/1904 - 02/02/1906 2 1
03/02/1906 - 03/04/1906 1 03/02/1906 - 03/04/1906 Vulcanian 3
Effusive/ 
Strombolian 1.5 03/02/1906 - 03/04/1906 60 - 03/02/1906 - 03/04/1906 2 1
04/04/1906 - 22/04/1906 3 04/04/1906 - 22/04/1906 Vulcanian 3
Effusive @ 
vents. 
Vulcanian @ 
summit 3 04/04/1906 - 22/04/1906 19 - 04/04/1906 - 22/04/1906 2 1
23/04/1906 - 04/07/1913 0 23/04/1906 - 04/07/1913 Repose 0 Repose 0 23/04/1906 - 04/07/1913 - 2630 23/04/1906 - 04/07/1913
05/07/1913 - 26/11/1926 1 05/07/1913 - 26/11/1926 Strombolian 2
Effusive/ 
Strombolian 1.5 05/07/1913 - 26/11/1926 4893 - 05/07/1913 - 26/11/1926 1
27/11/1926 - 28/11/1926 1 27/11/1926 - 28/11/1926 Strombolian 2
Effusive/ 
Strombolian 1.5 27/11/1926 - 28/11/1926 2 - 27/11/1926 - 28/11/1926 1
29/11/1926 - 30/07/1927 1 29/11/1926 - 30/07/1927 Strombolian 2
Effusive/ 
Strombolian 1.5 29/11/1926 - 30/07/1927 244 - 29/11/1926 - 30/07/1927 1
01/08/1927 - 02/08/1927 1 01/08/1927 - 02/08/1927 Strombolian 2
Effusive/ 
Strombolian 1.5 01/08/1927 - 02/08/1927 2 - 01/08/1927 - 02/08/1927 1
03/08/1927 - 10/08/1928 1 03/08/1927 - 10/08/1928 Strombolian 2
Effusive/ 
Strombolian 1.5 03/08/1927 - 10/08/1928 374 - 03/08/1927 - 10/08/1928 1
11/08/1928 - 12/08/1928 1 11/08/1928 - 12/08/1928 Strombolian 2
Effusive/ 
Strombolian 1.5 11/08/1928 - 12/08/1928 2 - 11/08/1928 - 12/08/1928 1
13/08/1929 - 02/06/1929 1 13/08/1929 - 02/06/1929 Strombolian 2
Effusive/ 
Strombolian 1.5 13/08/1929 - 02/06/1929 294 - 13/08/1929 - 02/06/1929 1
03/06/1929 - 08/06/1929 2.5 03/06/1929 - 08/06/1929 Strombolian 2
Effusive/ 
Strombolian 1.5 03/06/1929 - 08/06/1929 6 - 03/06/1929 - 08/06/1929 1
09/06/1929 - 10/07/1930 1 09/06/1929 - 10/07/1930 Strombolian 2
Effusive/ 
Strombolian 1.5 09/06/1929 - 10/07/1930 397 - 09/06/1929 - 10/07/1930 1
11/07/1930 - 30/07/1930 1 11/07/1930 - 30/07/1930 Strombolian 2
Effusive/ 
Strombolian 1.5 11/07/1930 - 30/07/1930 20 - 11/07/1930 - 30/07/1930 1
01/08/1930 - 01/10/1930 1 01/08/1930 - 01/10/1930 Strombolian 2
Effusive/ 
Strombolian 1.5 01/08/1930 - 01/10/1930 62 - 01/08/1930 - 01/10/1930 1
02/10/1930 - 09/11/1930 1 02/10/1930 - 09/11/1930 Strombolian 2
Effusive/ 
Strombolian 1.5 02/10/1930 - 09/11/1930 39 - 02/10/1930 - 09/11/1930 1
10/11/1930 - 31/05/1933 1 10/11/1930 - 31/05/1933 Strombolian 2
Effusive/ 
Strombolian 1.5 10/11/1930 - 31/05/1933 934 - 10/11/1930 - 31/05/1933 1
01/06/1933 - 19/11/1934 1.5 01/06/1933 - 19/11/1934 Strombolian 2
Effusive/ 
Strombolian 1.5 01/06/1933 - 19/11/1934 537 - 01/06/1933 - 19/11/1934 1
20/11/1934 - 11/02/1935 1 20/11/1934 - 11/02/1935 Strombolian 2
Effusive/ 
Strombolian 1.5 20/11/1934 - 11/02/1935 84 - 20/11/1934 - 11/02/1935 1
12/02/1935 - 31/05/1935 1 12/02/1935 - 31/05/1935 Strombolian 2
Effusive/ 
Strombolian 1.5 12/02/1935 - 31/05/1935 48 - 12/02/1935 - 31/05/1935 1
01/04/1935 - 08/07/1935 1 01/04/1935 - 08/07/1935 Strombolian 2
Effusive/ 
Strombolian 1.5 01/04/1935 - 08/07/1935 99 - 01/04/1935 - 08/07/1935 1
08/07/1935 - 21/08/1935 1 08/07/1935 - 21/08/1935 Strombolian 2
Effusive/ 
Strombolian 1.5 08/07/1935 - 21/08/1935 45 - 08/07/1935 - 21/08/1935 1
22/08/1935 - 27/03/1936 1 22/08/1935 - 27/03/1936 Strombolian 2
Effusive/ 
Strombolian 1.5 22/08/1935 - 27/03/1936 219 - 22/08/1935 - 27/03/1936 1
28/03/1936 - 24/09/1936 1 28/03/1936 - 24/09/1936 Strombolian 2
Effusive/ 
Strombolian 1.5 28/03/1936 - 24/09/1936 181 - 28/03/1936 - 24/09/1936 1
24/09/1936 - 03/06/1937 1 24/09/1936 - 03/06/1937 Strombolian 2
Effusive/ 
Strombolian 1.5 24/09/1936 - 03/06/1937 253 - 24/09/1936 - 03/06/1937 1
04/06/1937 - 07/07/1937 1 04/06/1937 - 07/07/1937 Strombolian 2
Effusive/ 
Strombolian 1.5 04/06/1937 - 07/07/1937 34 - 04/06/1937 - 07/07/1937 1
08/07/1937 - 07/08/1939 1 08/07/1937 - 07/08/1939 Strombolian 2
Effusive/ 
Strombolian 1.5 08/07/1937 - 07/08/1939 761 - 08/07/1937 - 07/08/1939 1
08/08/1939 - 09/08/1939 1 08/08/1939 - 09/08/1939 Strombolian 2
Effusive/ 
Strombolian 1.5 08/08/1939 - 09/08/1939 2 - 08/08/1939 - 09/08/1939 1
10/08/1939 - 25/06/1940 1 10/08/1939 - 25/06/1940 Strombolian 2
Effusive/ 
Strombolian 1.5 10/08/1939 - 25/06/1940 321 - 10/08/1939 - 25/06/1940 1
26/06/1940 - 31/07/1940 1 26/06/1940 - 31/07/1940 Strombolian 2
Effusive/ 
Strombolian 1.5 26/06/1940 - 31/07/1940 36 - 26/06/1940 - 31/07/1940 1
01/08/1940 - 21/10/1941 1 01/08/1940 - 21/10/1941 Strombolian 2
Effusive/ 
Strombolian 1.5 01/08/1940 - 21/10/1941 446 - 01/08/1940 - 21/10/1941 1
22/10/1941 - 15/12/1942 1.5 22/10/1941 - 15/12/1942 Strombolian 2
Effusive/ 
Strombolian 1.5 22/10/1941 - 15/12/1942 420 - 22/10/1941 - 15/12/1942 1
16/12/1942 - 05/01/1944 1 16/12/1942 - 05/01/1944 Strombolian 2
Effusive/ 
Strombolian 1.5 16/12/1942 - 05/01/1944 386 - 16/12/1942 - 05/01/1944 1
06/01/1944 - 23/02/1944 1 06/01/1944 - 23/02/1944 Strombolian 2
Effusive/ 
Strombolian 1.5 06/01/1944 - 23/02/1944 49 - 06/01/1944 - 23/02/1944 1
24/02/1944 - 17/03/1944 1 24/02/1944 - 17/03/1944 Strombolian 2
Effusive/ 
Strombolian 1.5 24/02/1944 - 17/03/1944 23 - 24/02/1944 - 17/03/1944 1
18/03/1944 - 04/04/1944 3 18/03/1944 - 04/04/1944 Vulcanian 3
Strombolian/ 
Vulcanian 2.5 18/03/1944 - 04/04/1944 18 - 18/03/1944 - 04/04/1944 1
0= repose; 1 = effusive; 1.5= 
effusive-Strombolian; 2 = 
strombolian; 2.5 = 
Strombolian to Vulcanian; 3 = 
Vulcanian; 4 = sub-Plinian.
Location of eruptive 
activity, where:
1 = Summit
2 = Lateral
3 = Flank
Maximum Explosivity Dominant Eruption Style
Chapter 4,  Total duration active and repose Chapter 4, Maximum and dominant eruptive styles pre- and post-repose periods. Chapter 4,  Maximum and dominant eruptive styles pre- and post-repose periods
Dates of Activity
Total number 
of days ACTIVE
Total number 
of days REPOSE Dates of Activity
Number of 
days ACTIVE
Number of 
days in 
REPOSE
Maximum 
Explosivity Style
Dominant Eruptive 
Style
Dates of Activity and 
Repose Repose
Maximum Style PRE-
REPOSE
Dominant Style PRE-
REPOSE
Maximum Style POST-
REPOSE
Dominant Style POST-
REPOSE
15/12/1631 - 02/01/1632 19 15/12/1631 - 02/01/1632 19 4 4 15/12/1631 - 02/01/1632 5 5
03/01/1632 - 30/06/1637 2006 03/01/1632 - 30/06/1637 2006 0 0 03/01/1632 - 30/06/1637 1
01/07/1637 - 31/12/1654 5663 01/07/1637 - 27/11/1649 4533 2 2 01/07/1637 - 27/11/1649 3 3
01/01/1653 - 24/02/1654 420 28/11/1649 - 10/03/1650 103 3 2 11/03/1650 - 31/12/1652 4 3.5
25/02/1654 - 22/08/1682 10406 11/03/1650 - 31/12/1652 1027 3 2.5 01/01/1653 - 24/02/1654 1
23/08/1682 - 02/10/1685 1137 01/01/1653 - 24/02/1654 420 0 0 25/02/1654 - 01/03/1654 4 3.5
03/10/1685 - 14/08/1696 3969 25/02/1654 - 01/03/1654 5 3 2.5 12/08/1682 - 22/08/1682 4 4
15/08/1696 - 14/09/1697 396 02/03/1654 - 02/07/1660 2315 2 2 23/08/1682 - 02/10/1685 1
15/09/1697 - 22/08/1707 3629 03/07/1660 - 29/07/1660 27 3 3 03/10/1685 - 12/04/1694 4 3.5
23/08/1707 - 04/02/1712 1627 30/07/1660 - 25/03/1680 7179 2 2 31/07/1696 - 14/08/1696 4 3.5
05/02/1712 - 10/06/1712 127 26/03/1680 - 28/03/1680 3 3 2.5 15/08/1696 - 14/09/1697 1
11/06/1712 - 24/10/1712 136 29/03/1680 - 11/08/1682 866 2 2 15/09/1697 - 09/01/1698 3 2.5
25/10/1712 - 08/11/1712 15 12/08/1682 - 22/08/1682 11 3 3 29/07/1707 - 22/08/1707 4 3
09/11/1712 - 11/04/1713 154 23/08/1682 - 02/10/1685 1137 0 0 23/08/1707 - 04/02/1712 1
12/04/1713 - 25/05/1713 44 03/10/1685 - 12/04/1694 3114 3 2.5 05/02/1712 - 10/06/1712 3 2.5 3 2.5
26/05/1713 - 05/01/1714 225 13/04/1694 - 29/04/1694 17 3 2.5 11/06/1712 - 24/10/1712 1
06/01/1714 - 20/01/1714 15 30/04/1694 - 30/07/1696 823 2 1.5 25/10/1712 - 08/11/1712 3 2.5 3 2.5
21/01/1714 - 14/06/1714 145 31/07/1696 - 14/08/1696 15 3 2.5 09/11/1712 - 11/04/1713 1
15/06/1714 - 08/07/1723 3312 15/08/1696 - 14/09/1697 396 0 0 12/04/1713 - 25/05/1713 3 2.5 3 2.5
09/07/1723 - 03/09/1724 425 15/09/1697 - 09/01/1698 117 2 1.5 26/05/1713 - 05/01/1714 1
01/09/1724 - 01/04/1730 2005 10/01/1698 - 18/05/1698 129 2 2 06/01/1714 - 20/01/1714 3 2.5 3 2.5
02/04/1730 - 24/12/1730 267 19/05/1698 - 15/07/1698 58 3 1.5 21/01/1714 - 14/06/1714 1
25/12/1732 - 04/06/1737 1622 16/07/1698 - 30/06/1701 1081 2 1.5 15/06/1714 - 30/06/1714 3 2.5
05/06/1737 - 30/10/1744 2704 01/07/1701 - 15/07/1701 15 3 2 20/04/1723 - 08/07/1723 4 3
01/11/1744 - 06/01/1761 5898 16/07/1701 - 18/05/1704 1038 2 2 09/07/1723 - 03/09/1724 1
07/01/1761 - 30/06/1764 1271 19/05/1704 - 23/05/1704 5 2 1 01/09/1724 - 29/09/1724 3 2.5
01/07/1764 - 27/10/1767 1214 24/05/1704 - 19/07/1706 787 2 1.5 27/02/1730 - 01/04/1730 3 2.5
28/10/1767 - 14/02/1770 841 20/07/1706 - 28/07/1707 374 2 2 02/04/1730 - 24/12/1730 1
15/02/1770 - 30/04/1770 75 29/07/1707 - 22/08/1707 25 3 2 25/12/1732 - 10/01/1734 3 2.5
01/05/1770 - 30/04/1771 365 23/08/1707 - 04/02/1712 1627 0 0 14/05/1737 - 04/06/1737 3 2.5
01/05/1771 - 05/07/1794 8589 05/02/1712 - 10/06/1712 127 2 1.5 05/06/1737 - 30/10/1744 1
06/07/1794 - 14/01/1796 558 11/06/1712 - 24/10/1712 136 0 0 01/11/1744 - 24/10/1751 3 2.5
15/01/1796 - 16/11/1822 9801 25/10/1712 - 08/11/1712 15 2 1.5 23/12/1760 - 06/01/1761 4 3
17/11/1822 - 01/07/1824 593 09/11/1712 - 11/04/1713 154 0 0 07/01/1761 - 30/06/1764 1
02/07/1824 - 02/09/1834 3716 12/04/1713 - 25/05/1713 44 2 1.5 01/07/1764 - 27/03/1766 3 3
03/09/1834 - 31/12/1834 120 26/05/1713 - 05/01/1714 225 0 0 19/10/1767 - 27/10/1767 4 3
01/01/1835 - 03/01/1839 1464 06/01/1714 - 20/01/1714 15 2 1.5 28/10/1767 - 14/02/1770 1
04/01/1839 - 19/09/1841 990 21/01/1714 - 14/06/1714 145 0 0 15/02/1770 - 30/04/1770 3 2.5 3 2.5
20/09/1841 - 16/02/1850 3072 15/06/1714 - 30/06/1714 16 2 1.5 01/05/1770 - 30/04/1771 1
17/02/1850 - 13/12/1854 1761 01/07/1714 - 05/06/1717 1071 2 1.5 01/05/1771 - 30/05/1771 3 2.5
14/12/1854 - 27/05/1855 165 06/06/1717 - 18/06/1717 13 2 1.5 16/06/1794 - 05/07/1794 5 2
28/05/1855 - 18/05/1855 205 19/06/1717 - 21/12/1717 186 2 1.5 06/07/1794 - 14/01/1796 1
19/12/1855 - 31/12/1861 2205 22/12/1717 - 26/12/1717 5 2 1.5 15/01/1796 - 11/08/1804 3 2.5
01/01/1862 - 09/02/1864 770 26/12/1717 - 02/09/1718 251 2 1.5 21/10/1822 - 16/11/1822 4 3.5
10/02/1864 - 26/11/1868 1752 03/09/1718 - 09/07/1719 310 2 1.5 17/11/1822 - 01/07/1824 1
27/11/1868 - 30/11/1870 734 10/07/1719 - 06/05/1720 302 2 1.5 02/07/1824 - 20/08/1831 3 2.5
01/12/1870 - 30/04/1872 517 07/05/1720 - 27/05/1720 21 2 1.5 22/08/1834 - 02/09/1834 4 2.5
01/05/1872 - 17/12/1875 1326 28/05/1720 - 30/04/1721 338 2 1.5 03/09/1834 - 31/12/1834 1
18/12/1875 - 22/04/1906 11082 01/05/1721 - 07/06/1721 38 2 1.5 01/01/1835 - 31/12/1838 3 2.5
23/04/1906 - 04/07/1913 2630 08/06/1721 - 19/04/1723 681 2 1.5 01/01/1839 - 03/01/1839 4 2.5
05/07/1913 - 04/04/1944 11231 20/04/1723 - 08/07/1723 80 3 2 04/01/1839 - 19/09/1841 1
09/07/1723 - 03/09/1724 425 0 0 20/09/1841 - 01/09/1845 3 2.5
Created using sum of all active periods, and repose periods 01/09/1724 - 29/09/1724 26 2 1.5 05/02/1850 - 16/02/1850 4 2.5
30/09/1724 - 09/01/1725 102 2 1.5 17/02/1850 - 13/12/1854 1
10/01/1725 - 15/08/1728 1314 2 1.5 14/12/1854 - 30/04/1855 3 2
16/09/1728 - 26/02/1730 529 2 1.5 01/05/1855 - 27/05/1855 4 2.5
27/02/1730 - 01/04/1730 34 2 1.5 28/05/1855 - 18/05/1855 1
02/04/1730 - 24/12/1730 267 0 0 19/12/1855 - 26/05/1858 4 2.5
25/12/1732 - 10/01/1734 382 2 1.5 08/12/1861 - 31/12/1861 4 3.5
11/01/1734 - 30/06/1735 536 2 1.5 01/01/1862 - 09/02/1864 1
01/07/1735 - 30/07/1735 30 2 1.5 10/02/1864 - 14/11/1867 3 2.5
01/08/1735 - 13/05/1737 652 2 1.5 15/11/1868 - 26/11/1868 4 3
14/5/1737 - 04/06/1737 22 2 1.5 27/11/1868 - 30/11/1870 1
05/06/1737 - 30/10/1744 2704 0 0 01/12/1870 - 12/01/1871 3 2.5
01/11/1744 - 24/10/1751 2548 2 1.5 24/04/1872 - 30/04/1872 4 3
25/10/1751 - 25/02/1752 124 2 1 01/05/1872 - 17/12/1875 1
26/02/1752 - 01/12/1754 999 2 1.5 18/12/1875 - 15/12/1881 3 2.5
02/12/1754 - 15/03/1755 104 2 1 04/04/1906 - 22/04/1906 4 4
16/03/1755 - 27/03/1759 1473 2 1 23/04/1906 - 04/07/1913 1
29/03/1759 - 31/03/1759 3 2 1 05/07/1913 - 26/11/1926 3 2.5
01/04/1759 - 12/05/1759 42 2 1
13/05/1759 - 20/05/1759 8 2 1 Table modified to show just the active periods before and after each repose period,  and showing the maximum and dominant eruptive style, where:
21/05/1759 - 05/11/1759 169 2 1 1 = Repose
06/11/1759 - 30/03/1760 146 2 1 2 = Effusive
31/03/1760 - 22/12/1760 267 2 1 2.5 = Effusive to Strombolian
23/12/1760 - 06/01/1761 15 3 2 3 = Strombolian
07/01/1761 - 30/06/1764 1271 0 0 3.5 = Strombolian to Vulcanian
01/07/1764 - 27/03/1766 635 2 2 4 = Vulcanian
28/03/1766 - 15/12/1766 263 2 2 5 = Sub-Plinian
16/12/1766 - 18/10/1767 307 2 1.5
19/10/1767 - 27/10/1767 9 3 2
28/10/1767 - 14/02/1770 841 0 0
15/02/1770 - 30/04/1770 75 2 1.5
01/05/1770 - 30/04/1771 365 0 0
01/05/1771 - 30/05/1771 30 2 1.5
01/06/1771 - 28/12/1773 942 2 2
29/12/1773 - 01/02/1774 35 2 2
02/02/1774 - 03/08/1774 183 2 2
04/08/1774 - 01/12/1774 120 2 2
02/12/1774 - 19/12/1775 383 2 2
20/12/1775 - 03/04/1776 106 2 2
04/04/1776 - 28/07/1779 1211 2 2
29/07/1779 - 13/08/1779 16 3 2
14/08/1779 - 17/09/1783 1496 2 2
18/08/1783 - 31/10/1785 806 2 1.5
01/07/1785 - 30/11/1787 883 2 1.5
01/12/1787 - 31/07/1788 244 2 1.5
01/08/1788 - 15/08/1788 15 2 1.5
16/09/1788 - 04/09/1790 719 2 1.5
05/09/1790 - 16/11/1790 73 3 1.5
17/11/1790  - 15/06/1794 1307 2 2
16/06/1794 - 05/07/1794 20 4 1
06/07/1794 - 14/01/1796 558 0 0
15/01/1796 - 11/08/1804 3131 2 1.5
12/08/1804 - 28/11/1804 109 2 1.5
29/11/1804 - 11/08/1805 256 2 1.5
12/08/1805 - 19/10/1805 68 2 1.5
20/10/1805 - 30/05/1806 223 2 1.5
31/05/1806 - 09/06/1806 10 2 1.5
10/06/1806 - 03/09/1809 1182 2 1.5
04/09/1809 - 05/09/1809 2 2 1.5
06/09/1809 - 10/09/1810 370 2 1.5
11/09/1810 - 22/09/1810 12 2 1.5
23/09/1810 - 31/12/1811 465 2 1.5
01/01/1812 - 28/02/1812 59 2 1.5
01/03/1812 - 08/10/1813 587 2 1.5
09/10/1813 - 28/10/1813 20 2 1.5
29/10/1813 - 28/02/1814 123 2 1.5
01/03/1814 - 21/12/1817 1392 2 1.5
22/12/1817 - 26/12/1817 5 2 1.5
27/12/1817 - 30/11/1819 704 2 1.5
01/12/1819 - 31/05/1820 183 2 1.5
01/06/1820 - 14/01/1822 593 2 1.5
15/01/1822 - 28/02/1822 45 2 1.5
28/02/1822 - 20/11/1822 235 2 1.5
21/10/1822 - 16/11/1822 27 3 2.5
17/11/1822 - 01/07/1824 593 0 0
02/07/1824 - 20/08/1831 2606 2 1.5
20/08/1831 - 23/12/1832 492 2 1.5
24/12/1832 - 24/05/1833 152 2 1.5
25/05/1833 - 15/06/1833 22 2 1.5
16/06/1833 - 26/11/1833 164 2 1.5
27/11/1833 - 16/01/1834 51 2 1.5
1701/1834 - 21/08/1834 217 1 1.5
22/08/1834 - 02/09/1834 12 3 1.5
03/09/1834 - 31/12/1834 120 0 0
01/01/1835 - 31/12/1838 1461 2 1.5
01/01/1839 - 03/01/1839 3 3 1.5
04/01/1839 - 19/09/1841 990 0 0
20/09/1841 - 01/09/1845 1443 2 1.5
02/09/1845 - 04/02/1850 1617 2 1.5
05/02/1850 - 16/02/1850 12 3 1.5
17/02/1850 - 13/12/1854 1761 0 0
14/12/1854 - 30/04/1855 138 2 1
01/05/1855 - 27/05/1855 27 3 1.5
28/05/1855 - 18/05/1855 205 0 0
19/12/1855 - 26/05/1858 890 3 1.5
27/05/1858 - 12/04/1861 1052 2 1.5
13/04/1861 - 07/12/1861 239 2 1.5
08/12/1861 - 31/12/1861 24 3 2.5
01/01/1862 - 09/02/1864 770 0 0
10/02/1864 - 14/11/1867 1374 2 1.5
15/11/1867 - 30/11/1867 16 2 1.5
01/12/1867 - 31/05/1868 183 2 1.5
01/06/1868 - 14/11/1868 167 2 1.5
15/11/1868 - 26/11/1868 12 3 2
27/11/1868 - 30/11/1870 734 0 0
01/12/1870 - 12/01/1871 43 2 1.5
13/01/1871 - 30/04/1871 108 2 1.5
01/05/1871 - 23/04/1872 359 2 1.5
24/04/1872 - 30/04/1872 7 3 2
01/05/1872 - 17/12/1875 1326 0 0
18/12/1875 - 15/12/1881 2190 2 1.5
16/12/1881 - 31/01/1884 777 2 1.5
01/02/1884 - 01/05/1885 456 2 1.5
02/05/1885 - 01/07/1886 426 1 1
02/07/1886 - 15/04/1887 288 2 1
16/04/1887 - 19/04/1887 4 2 1
20/04/1887 - 30/04/1889 742 2 1
01/05/1889 - 30/09/1889 152 2 1
01/10/1889 - 06/06/1891 614 2 1
07/06/1891 - 03/06/1894 1093 2 1
04/06/1894 - 02/07/1895 394 2 1.5
03/07/1895 - 07/09/1899 1528 3 1.5
08/09/1899 - 26/08/1903 1448 2 2
27/08/1903 - 30/09/1904 401 3 1.5
01/10/1904 - 02/02/1906 490 3 1.5
03/02/1906 - 03/04/1906 60 3 1.5
04/04/1906 - 22/04/1906 19 3 3
23/04/1906 - 04/07/1913 2630 0 0
05/07/1913 - 26/11/1926 4893 2 1.5
27/11/1926 - 28/11/1926 2 2 1.5
29/11/1926 - 30/07/1927 244 2 1.5
01/08/1927 - 02/08/1927 2 2 1.5
03/08/1927 - 10/08/1928 374 2 1.5
11/08/1928 - 12/08/1928 2 2 1.5
13/08/1929 - 02/06/1929 294 2 1.5
03/06/1929 - 08/06/1929 6 2 1.5
09/06/1929 - 10/07/1930 397 2 1.5
11/07/1930 - 30/07/1930 20 2 1.5
01/08/1930 - 01/10/1930 62 2 1.5
02/10/1930 - 09/11/1930 39 2 1.5
10/11/1930 - 31/05/1933 934 2 1.5
01/06/1933 - 19/11/1934 537 2 1.5
20/11/1934 - 11/02/1935 84 2 1.5
12/02/1935 - 31/05/1935 48 2 1.5
01/04/1935 - 08/07/1935 99 2 1.5
08/07/1935 - 21/08/1935 45 2 1.5
22/08/1935 - 27/03/1936 219 2 1.5
28/03/1936 - 24/09/1936 181 2 1.5
24/09/1936 - 03/06/1937 253 2 1.5
04/06/1937 - 07/07/1937 34 2 1.5
08/07/1937 - 07/08/1939 761 2 1.5
08/08/1939 - 09/08/1939 2 2 1.5
10/08/1939 - 25/06/1940 321 2 1.5
26/06/1940 - 31/07/1940 36 2 1.5
01/08/1940 - 21/10/1941 446 2 1.5
22/10/1941 - 15/12/1942 420 2 1.5
16/12/1942 - 05/01/1944 386 2 1.5
06/01/1944 - 23/02/1944 49 2 1.5
24/02/1944 - 17/03/1944 23 2 1.5
18/03/1944 - 04/04/1944 18 3 2.5
0= repose; 1 = effusive; 
1.5= effusive-Strombolian; 
2 = strombolian; 2.5 = 
Strombolian to Vulcanian; 
3 = Vulcanian; 4 = sub-
Plinian.
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Appendix: XRF Analysis 
 
Graph 1: TAS diagram for the samples categorised by age. Black: 1600s, Red: 1700s, Green: 1800s, 
Blue: 1900s. 
 
 
  
 Graph 2: TAS diagram for vent location categories - Black: summit, Red: lateral, Green: flank, Blue: 
unknown. 
 
  
 Graph 3: Variation diagram of Ba  and major elements categorised by vent location. Black: 
summit, Red: lateral, Green: flank, and Blue: unknown. 
 
 
 
 
 
 
 
 
 
 
 
 Graph 4: Variation graphs of MgO and major elements categorised by maximum explosivity. Grey: 
Unknown, Green: Strombolian, Black: Vulcanian, Blue: Sub-Plinian. 
 
  
 Graph 5: TAS for lavas categorised by dominant eruption style - Effusive: Purple, Effusive-
Strombolian: Yellow, Strombolian: Green, Strombolian-Vulcanian: Red, Vulcanian: Black, Sub-
Plinian: Blue, Uncertain: Black. 
  
 Graph 6: Variation diagram of MgO and major elements categorised by dominant eruption style: 
Effusive: purple, Effusive-strombolian: yellow, Strombolian: green, Strombolian-Vulcanian: red, 
Vulcanian: black, Sub-plinian: blue and Uncertain: grey. 
 
 
 
 
  
 Graph 7: TAS diagram categorised by duration: Short-lived ≤31 days in red, Medium 31-99 days in 
green and ≥100 days in black. 
  
 Graph 8: Variation diagram of Ba and major elements showing categorised by duration: Short-
lived ≤31 days in red, Medium 31-99 days in green and ≥100 days in black. 
 
 
  
 Graph 9: TAS diagram categorised by length: Blue: short flows, Green: mid-length and Red: long 
flows.  
 Graph 10: Variation diagram of MgO and major elements categorised by flow-field length: Blue: 
short flows, Green: mid-length and Red: long flows.  
 
 
 
  
 Graph 11: TAS diagram categorised by average flow-field width. Red: narrow, Green: mid-width, 
Black: wide.  
 Graph 12: Variation diagram of MgO and major elements categorised by average width. Red: 
narrow, Green: mid-width, Black: wide.  
 
  
 Graph 13: TAS diagram for flow-fields categorised by length:width ratio. Green: high ratio, Red: 
medium ratio, Black: low ratio value.  
 Graph 14: Variation diagrams of MgO and major elements for flow-fields categorised by 
length:width ratio.  Green: high ratio, Red: medium ratio, Black: Low ratio. 
 
  
 Graph 15: TAS diagram categorised by flow-field area: Green: low area, Yellow: medium area, 
Red: high area. 
 
  
 Graph 16: Variation diagram of MgO and major elements categorised by flow-field area: Green: 
low area, Yellow: medium area, Red: high area.  
 
 
  
 Graph 17: TAS with flow-fields categorised by morphology: Black: compound dome, Red: simple 
flow-field. 
 
  
 Graph 18: TAS of composition categorised by flow-field volume. Green: Low, Yellow: Medium, 
Red: High. 
 
 
  
 Graph 19: Variation diagram of MgO and major elements of composition categorised by flow-field 
volume. Green: Low, Yellow: Medium, Red: High. 
 
  
 Graph 20: Sr and major elements categorised by volume – Low: green, Medium: yellow and High: 
red. 
 
 Graph 21: TAS of compositions categorised by effusion rate. Green: Low, Yellow: Medium, Red: 
High.    
  
 Graph 22: Variation diagram of MgO and major elements showing the composition categorised by 
effusion rate. Green: Low, Yellow: Medium, Red: High.    
 
  
Thin section appendix 
 
 
Graph 23: Maximum explosivity and large phenocryst phase. 
 
 
Graph 24: Main eruption style and large phenocryst phase. 
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 Graph 25: Duration of active lavas outside of the crater and large phenocryst phase. 
 
 
Graph 26: Effusion rate and large phenocryst phase. 
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 Graph 27: Maximum flow length and large phenocryst phase. 
 
 
Graph 28: Average width of flows and large phenocryst phase. 
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 Graph 29: Volume of flows and large phenocryst phase. 
 
 
Graph 30: Dome or flow formation and large phenocryst phase. 
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Sample 
number
Symbol Colour SiO2 (%) Al2O3 (%) FeOT (%)
Fe2O3T 
(%)
MgO (%) CaO (%) Na2O (%) K2O (%) TiO2 (%) MnO (%) P2O5 (%) Sc (ppm) V (ppm) Cr (ppm) Cu (ppm) Zn (ppm) Ni (ppm) Rb (ppm) Sr  (ppm) Y  (ppm) Zr  (ppm)
Nb  
(ppm)
Ba  
(ppm)
U  (ppm)
Th  
(ppm)
L.O.I (%) Total (%) Source Date A.D. Notes Age
Vent 
location
Max style Main style Duration of flow 
Max.distance 
from crater
Max length
Average 
width
Length to 
width 
ratio
Area Dome vs flow Volume Effusion rate
V1 17.00 1.00 48.70 17.70 7.53 3.70 8.40 2.45 8.08 0.93 0.15 0.79 <20 103 81 33 309 1140 27 231 33 2240 1631 1600s Flank Sub-plinian Sub-plinian Less than a month Long Long Wide Low High Flow Medium High
V2 17.00 1.00 48.40 17.80 7.53 3.68 8.33 2.72 8.06 0.92 0.15 0.78 12.76 223 24.9 97 81 27 345 1160 27 197 37 2260 7.45 22.5 1631 1600s Flank Sub-plinian Sub-plinian Less than a month Long Long Wide Low High Flow Medium High
V3 17.00 1.00 48.40 17.70 7.54 3.69 8.44 2.63 7.89 0.93 0.15 0.79 12.88 236 26.6 119 80 25 308 1110 28 220 35 2190 7.20 22.2 B,K, 1993 1631 1600s Flank Sub-plinian Sub-plinian Less than a month Long Long Wide Low High Flow Medium High
V4 17.00 1.00 48.20 14.90 7.30 6.55 11.80 1.78 6.20 0.96 0.14 0.81 29.9 251 193 118 76 63 262 841 27 174 24 1700 4.76 14.47 B,K, 1993 1631 1600s Flank Sub-plinian Sub-plinian Less than a month Long Long Wide Low High Flow Medium High
V5 17.00 1.00 48.20 14.50 7.24 6.81 12.00 1.82 5.92 0.93 0.13 0.80 144 95 70 56 246 774 22 173 24 1630 B,K, 1993 1631 1600s Flank Sub-plinian Sub-plinian Less than a month Long Long Wide Low High Flow Medium High
V6 17.00 1.00 47.50 17.30 7.93 4.31 9.81 2.22 7.12 1.01 0.15 0.92 15.80 251 20.5 116 80 29 277 1040 29 195 28 2130 5.35 19.0 B,K, 1993 1631 1600s Flank Sub-plinian Sub-plinian Less than a month Long Long Wide Low High Flow Medium High
V7 17.00 1.00 47.50 17.40 7.88 4.30 9.77 2.24 7.14 1.01 0.14 0.93 <20 120 69 39 267 1030 29 198 23 2230 B,K, 1993 1631 1600s Flank Sub-plinian Sub-plinian Less than a month Long Long Wide Low High Flow Medium High
V8 17.00 1.00 48.00 17.50 7.69 4.32 9.15 2.48 7.13 0.99 0.15 0.91 19.1 231 38.1 113 79.4 31 299 944 30 210 31 2020 6.71 22.1 B,K, 1993 1694 1600s Summit Vulcanian Str-vulc Less than a month Long Mid-length Narrow Unknown Unknown Flow Unknown Unknown
V9 17.00 1.00 48.10 16.10 7.57 5.43 10.60 2.32 6.54 0.97 0.14 0.87 25.6 241 77.5 117 74 38 280 853 26 198 23 1790 6.25 19.4 B,K, 1993 1694 1600s Summit Vulcanian Str-vulc Less than a month Long Mid-length Narrow Unknown Unknown Flow Unknown Unknown
V10 17.00 1.00 48.10 16.60 7.66 5.05 10.20 2.42 6.80 0.99 0.14 0.89 26.0 242 78.5 115 74 37 287 874 26 202 28 1860 6.22 19.2 B,K, 1993 1694 1600s Summit Vulcanian Str-vulc Less than a month Long Mid-length Narrow Unknown Unknown Flow Unknown Unknown
V11 17.00 1.00 47.60 17.00 7.90 4.57 10.00 2.20 7.06 1.04 0.15 0.94 <20 115 75 47 285 995 29 198 30 2000 B,K, 1993 1697 1600s Lateral Strombolian Eff-str Less than a month Long Mid-length Narrow Medium Low Flow Unknown Unknown
V12 17.00 1.00 47.60 17.10 7.90 4.45 9.88 2.31 7.07 1.05 0.15 0.96 <20 113 79 43 281 1010 28 200 28 2060 B,K, 1993 1697 1600s Lateral Strombolian Eff-str Less than a month Long Mid-length Narrow Medium Low Flow Unknown Unknown
V13 17.00 1.00 47.70 17.10 7.83 4.51 9.99 2.36 7.20 1.04 0.14 0.96 17.68 244 11.8 126 76 34 294 1040 27 202 27 2040 5.79 16.9 B,K, 1993 1697 1600s Lateral Strombolian Eff-str Less than a month Long Mid-length Narrow Medium Low Flow Unknown Unknown
V14 17.00 1.00 47.60 17.10 7.84 4.48 9.92 2.37 7.22 1.04 0.14 0.96 17.8 254 12.3 130 81 33 288 1020 26 199 30 2010 5.47 16.3 B,K, 1993 1697 1600s Lateral Strombolian Eff-str Less than a month Long Mid-length Narrow Medium Low Flow Unknown Unknown
V15 17.00 1.00 47.70 17.10 7.86 4.46 9.94 2.36 7.17 1.04 0.15 0.95 17.8 262 11.6 112 79.1 34 283 985 27 199 30 2030 6.12 17.4 B,K, 1993 1697 1600s Lateral Strombolian Eff-str Less than a month Long Mid-length Narrow Medium Low Flow Unknown Unknown
V16 17.00 1.00 48.30 16.00 7.59 5.55 11.00 1.96 6.48 0.98 0.14 0.78 26.8 246 107 100 77.9 48 282 907 26 174 22 2020 4.42 13.98 B,K, 1993 1714 1700s Summit Strombolian Eff-str Less than a month Long Mid-length Mid Medium Low Flow Unknown Unknown
V17 17.00 1.00 48.20 17.10 7.56 4.77 9.69 2.52 6.80 0.97 0.14 0.88 21.4 231 47.3 119 73 32 258 946 26 206 30 2040 6.34 21.6 B,K, 1993 1714 1700s Summit Strombolian Eff-str Less than a month Long Mid-length Mid Medium Low Flow Unknown Unknown
V18 17.00 1.00 48.00 18.00 7.59 3.77 8.44 2.56 7.76 0.96 0.15 0.89 12.48 217 17.1 122 82 28 323 1060 26 203 30 2170 6.62 19.4 B,K, 1993 1717 1700s Lateral Strombolian Eff-str Less than a month Long Mid-length Narrow Unknown Unknown Flow Unknown Unknown
V19 17.00 1.00 48.20 18.00 7.60 3.75 8.57 2.42 7.96 0.97 0.15 0.90 12.02 224 16.8 114 80 27 331 1070 25 203 33 2220 6.72 18.9 B,K, 1993 1717 1700s Lateral Strombolian Eff-str Less than a month Long Mid-length Narrow Unknown Unknown Flow Unknown Unknown
V20 17.00 1.00 47.70 16.60 8.14 4.91 10.70 2.13 6.43 1.00 0.15 0.86 23.1 267 29.4 120 75 28 213 906 27 195 28 2060 4.84 15.24 B,K, 1993 1723 1700s Summit Vulcanian Strombolian Less than a month Long Mid-length Narrow High Low Flow Unknown Unknown
V21 17.00 1.00 47.70 17.60 7.91 3.83 9.03 2.44 7.36 0.97 0.15 0.85 15.9 231 25.3 155 79 23 298 986 27 225 31 1960 5.94 20.6 B,K, 1993 1737 1700s Lateral Strombolian Eff-str Less than a month Long Mid-length Narrow High Low Flow Low Medium
V22 17.00 1.00 47.80 17.70 7.91 3.80 8.99 2.49 7.25 0.97 0.15 0.86 <20 118 74 25 302 1000 32 232 29 2000 B,K, 1993 1737 1700s Lateral Strombolian Eff-str Less than a month Long Mid-length Narrow High Low Flow Low Medium
V23 17.00 1.00 47.90 17.50 7.94 3.90 9.14 2.47 7.45 0.97 0.15 0.86 16.0 240 24.6 143 85 24 295 987 26 220 31 2020 6.94 21.3 B,K, 1993 1737 1700s Lateral Strombolian Eff-str Less than a month Long Mid-length Narrow High Low Flow Low Medium
V24 17.00 1.00 48.00 17.70 7.95 3.89 9.11 2.36 7.40 0.97 0.15 0.86 15.61 243 23.9 131 81 23 291 937 28 216 31 1940 6.93 21.3 B,K, 1993 1737 1700s Lateral Strombolian Eff-str Less than a month Long Mid-length Narrow High Low Flow Low Medium
V25 17.00 1.00 48.30 16.10 7.59 5.51 10.90 1.82 6.50 0.98 0.14 0.79 25.2 252 94.5 91 76.6 45 283 889 26 170 21 2010 4.53 14.11 B,K, 1993 1751 1700s Lateral Strombolian Effusive Less than a month Long Mid-length Narrow Medium Low Flow Unknown Unknown
V26 17.00 1.00 48.40 15.80 7.63 5.85 11.30 1.80 6.14 0.98 0.14 0.77 38 100 67 40 265 866 23 166 20 1930 B,K, 1993 1751 1700s Lateral Strombolian Effusive Less than a month Long Mid-length Narrow Medium Low Flow Unknown Unknown
V27 17.00 1.00 48.30 16.00 7.62 5.59 11.00 1.69 6.35 0.98 0.13 0.79 43 136 68 38 279 890 22 162 19 1970 B,K, 1993 1751 1700s Lateral Strombolian Effusive Less than a month Long Mid-length Narrow Medium Low Flow Unknown Unknown
V28 17.00 1.00 48.20 18.90 7.46 3.08 8.09 2.87 7.86 0.85 0.15 0.72 9.11 227 9.9 94 83.2 17 290 1170 27 218 37 2190 7.28 25.2 B,K, 1993 1754 1700s Lateral Strombolian Effusive Month to 3 months Long Mid-length Mid Medium Medium Flow Low Low
V29 17.00 1.00 48.20 16.90 7.65 4.91 10.00 2.46 6.59 0.99 0.14 0.89 21.6 247 41.8 124 76.8 34 251 935 28 211 30 2040 6.32 22.0 B,K, 1993 1754 1700s Lateral Strombolian Effusive Month to 3 months Long Mid-length Mid Medium Medium Flow Low Low
V30 17.00 1.00 49.30 19.80 6.53 1.96 7.17 3.31 8.56 0.71 0.15 0.40 5.68 167 8.4 34 85.2 7.8 338 1310 26 232 42 2260 8.80 25.7 B,K, 1993 1754 1700s Lateral Strombolian Effusive Month to 3 months Long Mid-length Mid Medium Medium Flow Low Low
V31 17.00 1.00 47.90 15.80 7.50 5.74 11.10 2.23 6.29 0.98 0.14 0.86 27.7 261 91.5 123 77.8 41 246 853 27 200 28 1800 6.15 19.1 B,K, 1993 1760 1700s Flank Vulcanian Strombolian Less than a month Long Mid-length Mid Low Low Flow Low Medium
V32 17.00 1.00 47.90 15.80 7.50 5.81 11.20 2.20 6.23 0.97 0.14 0.86 54 127 64 42 256 868 30 203 27 1790 B,K, 1993 1760 1700s Flank Vulcanian Strombolian Less than a month Long Mid-length Mid Low Low Flow Low Medium
V33 17.00 1.00 47.90 15.80 7.50 5.82 11.20 2.26 6.26 0.98 0.14 0.87 28 120 64 42 252 857 23 199 26 1740 B,K, 1993 1760 1700s Flank Vulcanian Strombolian Less than a month Long Mid-length Mid Low Low Flow Low Medium
V34 17.00 1.00 48.00 16.10 7.50 5.52 10.90 2.33 6.41 0.98 0.14 0.88 27.2 263 84.2 129 73.9 40 257 884 28 204 27 1860 5.68 19.8 B,K, 1993 1760 1700s Flank Vulcanian Strombolian Less than a month Long Mid-length Mid Low Low Flow Low Medium
V35 17.00 1.00 48.20 14.80 7.45 6.34 12.40 1.81 5.81 0.98 0.14 0.80 37 113 73 54 215 833 26 173 24 1850 B,K, 1993 1760 1700s Flank Vulcanian Strombolian Less than a month Long Mid-length Mid Low Low Flow Low Medium
V36 17.00 1.00 48.00 15.20 7.40 6.31 11.90 2.00 5.91 0.97 0.14 0.84 33.9 267 135 123 76.5 49 238 823 28 191 24 1730 5.28 18.1 B,K, 1993 1760 1700s Flank Vulcanian Strombolian Less than a month Long Mid-length Mid Low Low Flow Low Medium
V37 17.00 1.00 48.10 14.10 7.30 7.19 13.00 1.81 5.34 0.97 0.14 0.81 84 125 66 51 219 749 26 186 23 1540 B,K, 1993 1760 1700s Flank Vulcanian Strombolian Less than a month Long Mid-length Mid Low Low Flow Low Medium
V38 17.00 1.00 47.80 17.30 7.59 4.57 9.52 2.52 7.09 0.97 0.14 0.90 19.8 259 40.1 135 81 30 279 936 28 211 33 1990 6.37 21.7 B,K, 1993 1760 1700s Flank Vulcanian Strombolian Less than a month Long Mid-length Mid Low Low Flow Low Medium
V42 17.00 1.00 48.20 17.40 7.83 4.17 9.52 2.61 7.11 0.96 0.15 0.82 16.9 263 36.3 112 80 26 331 1010 29 196 31 1940 6.28 20.8 B,K, 1993 1761
Incorrectl
y dated - 
should be 
1767-71
1700s Lateral Strombolian Eff-str Less than a month Mid-length Long Narrow High Low Flow Low Medium
V43 17.00 1.00 48.00 17.80 8.09 3.73 8.95 2.63 7.42 1.00 0.15 0.89 14.42 269 3.4 161 81 22 337 1010 30 214 22 1980 7.08 22.4 B,K, 1993 1761
Incorrectl
y dated - 
should be 
1767-71
1700s Lateral Strombolian Eff-str Less than a month Mid-length Long Narrow High Low Flow Low Medium
V39 17.00 1.00 47.80 17.50 7.70 4.25 9.11 2.58 7.34 0.98 0.15 0.91 16.8 256 28.0 146 80 28 307 945 29 213 30 2000 6.85 21.7 B,K, 1993 1767 1700s Lateral Vulcanian Strombolian Less than a month Long Long Narrow High Low Flow Low Medium
V40 17.00 1.00 47.40 17.80 8.13 4.11 9.07 2.70 7.25 1.07 0.15 1.01 <20 132 66 25 289 1060 28 235 32 2080 B,K, 1993 1767 1700s Lateral Vulcanian Strombolian Less than a month Long Long Narrow High Low Flow Low Medium
V41 17.00 1.00 47.60 17.70 8.15 4.07 9.00 2.72 7.28 1.08 0.15 1.01 14.72 270 15.4 126 79 25 322 1070 30 208 33 2160 6.48 20.9 B,K, 1993 1767 1700s Lateral Vulcanian Strombolian Less than a month Long Long Narrow High Low Flow Low Medium
V44 17.00 1.00 48.80 13.70 7.38 7.45 13.00 1.71 5.31 0.94 0.13 0.76 41.2 269 198 101 69 58 243 719 27 165 22 1530 4.67 15.08 B,K, 1993 1794 1700s Flank Sub-plinian Effusive Less than a month Long Mid-length Mid Low Low Flow Low Medium
V45 17.00 1.00 48.70 13.30 7.31 7.66 13.30 1.63 5.17 0.95 0.13 0.75 41.2 270 202 95 70.9 59 231 708 26 165 20 1490 4.49 14.23 B,K, 1993 1794 1700s Flank Sub-plinian Effusive Less than a month Long Mid-length Mid Low Low Flow Low Medium
V46 17.00 1.00 48.30 15.00 7.59 6.14 11.70 2.19 5.41 0.96 0.14 0.81 34.3 275 149.0 101 78.8 48 264 839 28 184 23 1730 5.10 16.5 B,K, 1993 1794 1700s Flank Sub-plinian Effusive Less than a month Long Mid-length Mid Low Low Flow Low Medium
V47 17.00 1.00 48.40 15.70 7.75 5.70 11.20 2.02 6.18 0.98 0.14 0.82 29.4 278 104.8 119 82.4 41 285 841 29 184 25 1780 5.89 18.1 B,K, 1993 1794 1700s Flank Sub-plinian Effusive Less than a month Long Mid-length Mid Low Low Flow Low Medium
V49 17.00 1.00 48.00 17.70 7.97 3.98 9.14 2.29 7.39 1.01 0.15 0.89 15.38 219 19.9 119 82 21 332 1000 26 212 30 2010 6.86 21.3 B,K, 1993 1805 1800s Summit Strombolian Eff-str Less than a month Long Mid-length Narrow High Low Flow Unknown Unknown
V50 17.00 1.00 48.00 17.50 7.99 3.99 9.19 2.48 7.36 0.99 0.15 0.90 15.02 219 19.7 121 76 21 323 1030 26 205 24 2040 6.47 20.3 B,K, 1993 1805 1800s Summit Strombolian Eff-str Less than a month Long Mid-length Narrow High Low Flow Unknown Unknown
V51 17.00 1.00 47.90 17.50 7.95 4.01 9.16 2.44 7.34 0.99 0.15 0.90 16.0 271 23.4 128 78.8 25 323 1020 30 204 30 2030 6.51 21.2 B,K, 1993 1805 1800s Summit Strombolian Eff-str Less than a month Long Mid-length Narrow High Low Flow Unknown Unknown
V52 17.00 1.00 48.00 17.60 7.97 4.08 9.28 2.38 7.29 1.00 0.15 0.90 15.22 261 23.5 111 74 25 314 1020 28 207 21 1980 6.51 20.1 B,K, 1993 1805 1800s Summit Strombolian Eff-str Less than a month Long Mid-length Narrow High Low Flow Unknown Unknown
V53 17.00 1.00 47.90 17.40 7.94 4.29 9.54 2.32 7.15 1.00 0.15 0.91 18.3 275 28.9 120 84 28 326 999 30 212 29 1970 6.35 21.6 B,K, 1993 1806 1800s Summit Strombolian Eff-str Less than a month Long Mid-length Narrow Medium Low Flow Unknown Unknown
V54 17.00 1.00 47.70 18.10 7.99 3.64 9.18 2.60 7.33 1.00 0.16 0.83 13.91 229 16.0 124 80 16 305 1120 28 209 28 2090 6.41 21.5 B,K, 1993 1806 1800s Summit Strombolian Eff-str Less than a month Long Mid-length Narrow Medium Low Flow Unknown Unknown
V55 17.00 1.00 48.00 17.40 7.95 4.23 9.48 2.22 7.14 1.01 0.15 0.90 16.8 232 25.8 125 76 25 313 977 28 206 25 1960 6.52 19.9 B,K, 1993 1806 1800s Summit Strombolian Eff-str Less than a month Long Mid-length Narrow Medium Low Flow Unknown Unknown
V56 17.00 1.00 48.00 17.50 7.96 4.08 9.28 2.48 7.29 0.99 0.15 0.88 15.11 222 21.6 113 77 21 331 1030 27 201 21 2030 6.45 20.3 B,K, 1993 1806 1800s Summit Strombolian Eff-str Less than a month Long Mid-length Narrow Medium Low Flow Unknown Unknown
V57 17.00 1.00 47.90 17.60 7.92 4.03 9.21 2.44 7.36 0.99 0.15 0.89 16.2 249 24.6 122 78.3 25 338 1030 29 212 32 2030 6.51 20.9 B,K, 1993 1806 1800s Summit Strombolian Eff-str Less than a month Long Mid-length Narrow Medium Low Flow Unknown Unknown
V58 17.00 1.00 48.30 17.20 7.75 4.49 9.18 2.42 7.26 0.99 0.15 0.93 17.6 217 28.1 128 76.5 26 342 928 25 193 31 2010 6.65 21.7 B,K, 1993 1822 1800s Lateral Vulcanian Str-vulc Unknown Mid-length Mid-length Wide Unknown Unknown Flow Unknown Unknown
V59 17.00 1.00 48.40 17.50 7.70 4.23 8.81 2.43 7.52 0.98 0.15 0.95 17.4 224 30.4 123 77 26 367 947 26 202 31 2030 7.04 21.0 B,K, 1993 1822 1800s Lateral Vulcanian Str-vulc Unknown Mid-length Mid-length Wide Unknown Unknown Flow Unknown Unknown
V60 17.00 1.00 48.30 17.30 7.37 4.51 9.34 1.73 8.08 0.93 0.14 0.87 18.1 218 44.0 49 77 28 319 1010 27 199 35 2130 7.57 24.3 B,K, 1993 1822 1800s Lateral Vulcanian Str-vulc Unknown Mid-length Mid-length Wide Unknown Unknown Flow Unknown Unknown
V61 17.00 1.00 47.80 15.50 7.77 5.92 11.80 2.19 6.06 1.05 0.14 0.85 27.6 235 100.3 102 77 39 256 855 25 175 17 1740 5.28 16.6 B,K, 1993 1834 1800s Lateral Vulcanian Eff-str Less than a month Long Long Mid Medium Medium Flow Low Medium
V62 17.00 1.00 47.80 17.60 7.92 4.14 9.32 2.58 7.22 1.02 0.15 0.88 17.0 237 26.7 133 77 24 321 1020 26 184 30 2000 5.96 18.8 B,K, 1993 1834 1800s Lateral Vulcanian Eff-str Less than a month Long Long Mid Medium Medium Flow Low Medium
V63 17.00 1.00 47.80 15.20 7.71 6.11 12.00 2.12 5.93 1.04 0.14 0.83 28.9 243 108.0 109 73 43 269 894 26 179 19 1700 5.19 16.2 B,K, 1993 1834 1800s Lateral Vulcanian Eff-str Less than a month Long Long Mid Medium Medium Flow Low Medium
V64 17.00 1.00 47.90 18.60 7.68 3.23 8.24 2.67 8.00 0.97 0.15 0.81 10.28 222 10.5 117 82 16 366 1080 27 200 33 2140 6.91 21.2 B,K, 1993 1834 1800s Lateral Vulcanian Eff-str Less than a month Long Long Mid Medium Medium Flow Low Medium
V65 17.00 1.00 47.50 17.20 7.98 4.41 10.10 2.37 6.93 1.05 0.15 0.89 18.3 239 31.2 119 76.6 25 307 1010 27 200 24 1980 6.23 19.3 B,K, 1993 1839 1800s Lateral Vulcanian Eff-str Less than a month Long Long Mid Medium Low Flow Low Medium
V66 17.00 1.00 47.40 17.70 7.97 3.99 9.44 2.62 7.21 1.03 0.15 0.89 15.36 243 19.7 133 78 21 304 1030 27 188 32 2020 6.56 19.9 B,K, 1993 1839 1800s Lateral Vulcanian Eff-str Less than a month Long Long Mid Medium Low Flow Low Medium
V67 17.00 1.00 47.40 17.60 7.95 4.06 9.60 2.58 7.16 1.04 0.15 0.89 16.8 243 26.3 118 82 24 305 1020 27 200 30 1990 6.63 19.4 B,K, 1993 1839 1800s Lateral Vulcanian Eff-str Less than a month Long Long Mid Medium Low Flow Low Medium
V68 17.00 1.00 47.90 17.50 7.93 4.13 9.38 2.30 7.29 0.99 0.15 0.89 16.2 262 22.7 112 83 26 327 1030 30 203 30 1960 6.47 21.0 B,K, 1993 1839 1800s Lateral Vulcanian Eff-str Less than a month Long Long Mid Medium Low Flow Low Medium
V69 17.00 1.00 48.00 17.60 7.98 4.06 9.29 2.45 7.31 0.99 0.15 0.89 28 124 68 17 317 992 26 207 26 1980 B,K, 1993 1839 1800s Lateral Vulcanian Eff-str Less than a month Long Long Mid Medium Low Flow Low Medium
V70 17.00 1.00 48.00 18.60 7.86 3.47 8.02 2.62 7.76 1.01 0.15 0.84 15.36 267 27.2 124 82 21 355 1020 31 203 34 2140 6.15 21.1 B,K, 1993 1850 1800s Lateral Vulcanian Eff-str Less than a month Long Long Narrow Medium Low Flow Unknown Unknown
V71 17.00 1.00 47.90 17.40 7.93 4.29 9.48 2.21 7.12 1.00 0.15 0.90 17.3 263 26.9 118 77.4 28 328 978 29 209 24 1990 6.55 20.4 B,K, 1993 1850 1800s Lateral Vulcanian Eff-str Less than a month Long Long Narrow Medium Low Flow Unknown Unknown
V72 17.00 1.00 47.60 16.20 7.83 5.31 11.20 2.19 6.29 1.01 0.15 0.83 23.7 254 78.8 119 72.2 37 267 987 29 203 22 1860 5.62 18.0 B,K, 1993 1850 1800s Lateral Vulcanian Eff-str Less than a month Long Long Narrow Medium Low Flow Unknown Unknown
V73 17.00 1.00 47.70 16.30 7.83 5.20 10.90 2.50 6.46 1.04 0.15 0.83 21.3 255 74.6 122 75.6 36 276 987 30 210 26 1830 5.82 18.9 B,K, 1993 1855 1800s Lateral Vulcanian Eff-str Less than a month Long Long Mid Medium Medium Flow Low Low
V74 17.00 1.00 47.50 16.50 7.86 5.11 10.80 2.46 6.50 1.03 0.15 0.84 23.4 265 84.8 110 84 34 283 1030 30 202 32 1870 6.12 20.0 B,K, 1993 1855 1800s Lateral Vulcanian Eff-str Less than a month Long Long Mid Medium Medium Flow Low Low
V75 17.00 1.00 47.30 16.80 7.89 4.72 10.30 2.42 6.69 1.04 0.15 0.84 21.9 267 70.8 115 82 33 290 1020 31 209 31 1890 6.13 20.8 B,K, 1993 1855 1800s Lateral Vulcanian Eff-str Less than a month Long Long Mid Medium Medium Flow Low Low
V76 17.00 1.00 47.60 16.10 7.79 5.37 11.10 2.38 6.32 1.03 0.15 0.84 71 114 71 36 275 977 27 204 29 1790 B,K, 1993 1855 1800s Lateral Vulcanian Eff-str Less than a month Long Long Mid Medium Medium Flow Low Low
V77 17.00 1.00 47.50 16.30 7.81 5.27 10.90 2.43 6.46 1.03 0.15 0.84 22.3 272 72.2 104 80 35 275 992 31 202 31 1790 6.01 19.7 B,K, 1993 1855 1800s Lateral Vulcanian Eff-str Less than a month Long Long Mid Medium Medium Flow Low Low
V78 17.00 1.00 47.60 18.70 8.01 3.20 8.54 2.66 7.62 1.00 0.16 0.82 10.55 255 6.3 133 83 15 332 1150 30 217 37 2200 6.60 22.2 B,K, 1993 1855 1800s Lateral Vulcanian Eff-str Less than a month Long Long Mid Medium Medium Flow Low Low
V79 17.00 1.00 47.50 17.80 8.03 3.99 8.92 2.60 7.38 1.06 0.15 1.00 12.99 248 14.7 114 76.1 24 322 1050 28 213 28 2070 6.57 20.5 B,K, 1993 1858 1800s Lateral Strombolian Eff-str Long: More than 3 months Long Mid-length Wide Low Medium Dome High Low
V80 17.00 1.00 47.60 17.60 8.07 4.20 9.20 2.65 7.27 1.08 0.15 0.99 14.45 265 17.1 120 81 27 320 1070 31 228 33 2100 6.62 21.7 B,K, 1993 1858 1800s Lateral Strombolian Eff-str Long: More than 3 months Long Mid-length Wide Low Medium Dome High Low
V81 17.00 1.00 47.70 17.70 8.02 4.05 9.06 2.71 7.39 1.08 0.15 0.99 13.83 243 16.9 125 75 25 327 1050 29 206 22 2100 6.53 20.9 B,K, 1993 1858 1800s Lateral Strombolian Eff-str Long: More than 3 months Long Mid-length Wide Low Medium Dome High Low
V82 17.00 1.00 47.30 17.55 7.97 3.98 8.67 2.63 7.25 1.07 0.16 0.97 35 116 73 17 324 1030 21 233 26 2120 B,K, 1993 1858 1800s Lateral Strombolian Eff-str Long: More than 3 months Long Mid-length Wide Low Medium Dome High Low
V83 17.00 1.00 47.90 17.30 7.91 4.12 9.41 2.50 7.26 1.00 0.15 0.88 36 124 80 25 340 1020 25 221 31 2010 B,K, 1993 1861 1800s Flank Vulcanian Str-vulc Less than a month Long Short Narrow Low Low Flow Unknown Unknown
V84 17.00 1.00 47.90 17.10 7.92 4.27 9.63 2.40 7.20 1.00 0.15 0.89 18.9 236 34.7 130 79 23 312 949 27 204 31 1970 6.17 21.0 B,K, 1993 1861 1800s Flank Vulcanian Str-vulc Less than a month Long Short Narrow Low Low Flow Unknown Unknown
V85 17.00 1.00 47.40 18.20 8.23 3.48 8.86 2.75 7.28 1.04 0.16 0.84 22 131 87 12 313 1130 20 236 27 1990 B,K, 1993 1867 1800s Summit Vulcanian Str-vulc Less than a month Mid-length Short Narrow Low Unknown Flow Unknown Unknown
V86 17.00 1.00 47.90 16.90 8.10 4.63 10.30 2.32 6.75 1.00 0.15 0.88 20.43 245 26.7 121 74 24 267 969 27 193 25 2190 4.80 15.6 B,K, 1993 1867 1800s Summit Vulcanian Str-vulc Less than a month Mid-length Short Narrow Low Unknown Flow Unknown Unknown
V87a 17.00 1.00 48.00 17.70 7.67 3.95 8.74 2.67 7.74 0.99 0.15 0.87 13.04 138 27.1 136 75 14 367 1060 16 203 33 2160 6.70 19.2 B,K, 1993 1868 1800s Lateral Vulcanian Strombolian Less than a month Mid-length Mid-length Narrow Medium Low Flow Unknown Unknown
V87 17.00 1.00 48.00 17.70 7.68 4.02 8.75 2.68 7.73 0.99 0.15 0.87 34 137 67 21 335 1020 19 194 22 2120 B,K, 1993 1868 1800s Lateral Vulcanian Strombolian Less than a month Mid-length Mid-length Narrow Medium Low Flow Unknown Unknown
V88 17.00 1.00 47.40 18.40 8.19 3.44 8.70 2.83 7.50 1.07 0.16 0.86 10.62 265 6.7 134 83 18 334 1130 32 228 37 2110 7.07 23.4 B,K, 1993 1871-1872 1800s Summit Vulcanian Strombolian Less than a month Long Long Mid Medium High Flow Low High
V90 17.00 1.00 48.30 18.00 7.54 3.82 9.06 2.51 7.54 0.92 0.15 0.87 30 122 73 22 296 1080 24 201 30 2350 B,K, 1993 1872 1800s Lateral Vulcanian Strombolian Less than a month Long Long Mid Medium High Flow Low High
V91 17.00 1.00 47.50 16.30 7.85 5.14 10.90 2.36 6.29 1.04 0.15 0.84 23.6 256 80.8 97 77 35 269 986 31 213 31 1840 6.09 19.9 B,K, 1993 1872 1800s Lateral Vulcanian Strombolian Less than a month Long Long Mid Medium High Flow Low High
V92 17.00 1.00 47.00 18.40 8.10 3.46 8.69 2.82 7.44 1.03 0.16 0.85 10.97 255 7.8 143 83 17 337 1140 30 233 30 2110 7.46 23.6 B,K, 1993 1872 1800s Lateral Vulcanian Strombolian Less than a month Long Long Mid Medium High Flow Low High
V93 17.00 1.00 48.10 18.00 7.74 3.84 8.99 2.52 7.53 0.93 0.15 0.93 14.20 230 16.8 117 78.2 23 292 1080 29 199 30 2440 5.42 19.0 B,K, 1993 1881 1800s Lateral Strombolian Eff-str Long: More than 3 months Short Short Mid Low Low Dome Unknown Unknown
V94 17.00 1.00 48.10 17.80 7.70 3.95 9.08 2.52 7.40 0.93 0.15 0.92 26 120 74 21 284 1070 21 197 27 2390 B,K, 1993 1881 1800s Lateral Strombolian Eff-str Long: More than 3 months Short Short Mid Low Low Dome Unknown Unknown
V95 17.00 1.00 47.80 16.30 7.81 5.13 11.00 2.31 6.43 1.01 0.15 0.83 23.2 318 79.5 125 78 40 255 978 36 206 16 1880 5.28 18.4 B,K, 1993 1883-1906 1800s Lateral Vulcanian Vulcanian Unknown Long Long Unknow
n
Unknown Unknown Unknown Unknown Unknown
V96 17.00 1.00 47.90 17.40 7.96 4.08 9.36 2.53 7.34 1.01 0.15 0.90 15.70 263 21.1 126 74 24 322 1010 30 214 23 2040 6.39 20.2 B,K, 1993 1886 1800s Lateral Strombolian Effusive Long: More than 3 months Mid-length Short Narrow Low Unknown Dome Unknown Unknown
V97 17.00 1.00 48.20 18.00 7.59 3.78 9.00 2.59 7.53 0.92 0.15 0.89 14.09 213 19.1 121 72 22 306 1100 28 200 31 2370 5.75 19.1 B,K, 1993 1891-1894 1800s Lateral Strombolian Effusive Long: More than 3 months Short Short Mid Low Low Dome Medium Low
V98 17.00 1.00 47.80 18.60 7.95 3.19 8.58 2.79 7.64 1.00 0.16 0.82 10.67 245 5.9 136 75 16 335 1160 31 219 30 2210 6.73 22.3 B,K, 1993 1891-1894 1800s Lateral Strombolian Effusive Long: More than 3 months Short Short Mid Low Low Dome Medium Low
V99 17.00 1.00 47.50 18.50 8.02 3.15 8.70 2.77 7.49 1.01 0.16 0.84 <20 124 82 13 327 1210 25 239 36 2230 B,K, 1993 1895-1899 1800s Lateral Vulcanian Eff-str Long: More than 3 months Mid-length Short Mid Low Low Dome High Low
V100 17.00 1.00 47.60 18.50 7.98 3.11 8.65 2.74 7.61 1.00 0.16 0.85 10.59 238 4.0 154 80 13 327 1190 31 228 30 2210 7.60 23.1 B,K, 1993 1895-1899 1800s Lateral Vulcanian Eff-str Long: More than 3 months Mid-length Short Mid Low Low Dome High Low
V101 17.00 1.00 47.80 18.50 8.07 3.20 8.78 2.81 7.58 1.01 0.16 0.86 <20 140 89 14 318 1200 28 244 32 2230 B,K, 1993 1895-1899 1800s Lateral Vulcanian Eff-str Long: More than 3 months Mid-length Short Mid Low Low Dome High Low
V102 17.00 1.00 47.70 18.40 8.13 3.24 8.87 2.90 7.53 1.02 0.16 0.86 23 137 78 15 320 1190 22 233 30 2210 B,K, 1993 1895-1899 1800s Lateral Vulcanian Eff-str Long: More than 3 months Mid-length Short Mid Low Low Dome High Low
V104 17.00 1.00 47.70 18.10 8.04 3.57 9.12 2.70 7.35 1.02 0.16 0.85 29 130 70 12 313 1120 18 219 20 2190 B,K, 1993 1906 1900s Lateral Vulcanian Vulcanian Less than a month Long Long Narrow High Medium Flow Medium Medium
V105 17.00 1.00 47.80 18.20 8.01 3.52 9.08 2.56 7.13 1.02 0.16 0.84 12.57 270 9.9 83 74.0 17 314 1130 32 228 29 2210 6.84 20.9 B,K, 1993 1906 1900s Lateral Vulcanian Vulcanian Less than a month Long Long Narrow High Medium Flow Medium Medium
V106 17.00 1.00 47.90 16.60 7.85 4.92 10.70 2.27 6.54 1.01 0.15 0.83 61 127 80 30 281 1020 22 210 27 1970 B,K, 1993 1906 1900s Lateral Vulcanian Vulcanian Less than a month Long Long Narrow High Medium Flow Medium Medium
V107 17.00 1.00 47.50 17.40 7.99 4.12 9.93 2.59 6.95 1.02 0.16 0.85 18.7 260 31.9 130 84 23 286 1090 28 224 32 2070 5.89 21.0 B,K, 1993 1906 1900s Lateral Vulcanian Vulcanian Less than a month Long Long Narrow High Medium Flow Medium Medium
V108 17.00 1.00 47.70 15.70 7.75 5.63 11.50 2.23 6.11 1.01 0.15 0.83 28.5 269 113 126 76.5 43 256 940 28 202 27 1850 5.37 18.2 B,K, 1993 1906 1900s Lateral Vulcanian Vulcanian Less than a month Long Long Narrow High Medium Flow Medium Medium
V109 17.00 1.00 47.90 18.40 7.82 3.29 8.53 2.83 7.90 1.00 0.16 0.92 22 121 73 8 345 1160 25 228 33 2190 B,K, 1993 1906 1900s Lateral Vulcanian Vulcanian Less than a month Long Long Narrow High Medium Flow Medium Medium
V110 17.00 1.00 47.60 16.50 7.85 4.95 10.80 2.35 6.49 1.01 0.15 0.83 56 132 64 26 267 992 19 206 22 1920 B,K, 1993 1906 1900s Lateral Vulcanian Vulcanian Less than a month Long Long Narrow High Medium Flow Medium Medium
V150 17.00 1.00 47.60 17.80 7.64 3.80 9.49 2.57 7.12 1.03 0.16 0.86 26 128 77 19 304 1100 22 228 30 2140 B,K, 1993 1906 1900s Lateral Vulcanian Vulcanian Less than a month Long Long Narrow High Medium Flow Medium Medium
V151 17.00 1.00 47.40 17.70 7.64 3.86 9.62 2.45 7.05 1.02 0.16 0.86 28 135 84 14 289 1070 20 230 26 2100 B,K, 1993 1906 1900s Lateral Vulcanian Vulcanian Less than a month Long Long Narrow High Medium Flow Medium Medium
V155 17.00 1.00 47.70 17.40 8.23 4.19 9.96 2.46 6.88 1.02 0.15 0.84 44 131 69 20 299 1060 23 225 24 2070 B,K, 1993 1906 1900s Lateral Vulcanian Vulcanian Less than a month Long Long Narrow High Medium Flow Medium Medium
V111 17.00 1.00 48.50 17.60 8.14 4.21 9.24 2.39 7.47 0.93 0.14 0.91 16.5 218 23.5 120 77 26 303 1020 25 185 30 2310 5.03 17.7 B,K, 1993 1913-1944 1900s Summit Strombolian Eff-str Month to 3 months Short Short Unknow
n
Low Low Dome Unknown Unknown
V112 17.00 1.00 48.30 17.60 8.22 4.18 9.14 2.39 7.46 0.92 0.14 0.91 31 126 80 30 302 1010 21 184 24 2290 B,K, 1993 1913-1944 1900s Summit Strombolian Eff-str Month to 3 months Short Short Unknow
n
Low Low Dome Unknown Unknown
V113 17.00 1.00 47.90 16.60 8.18 4.76 10.60 2.19 6.53 1.01 0.15 0.88 33 122 78 24 253 988 28 197 32 2150 B,K, 1993 1929 1900s Summit Strombolian Eff-str Less than a month Long Long Narrow High Low Flow Unknown Unknown
V114 17.00 1.00 47.80 16.80 8.28 4.64 10.40 2.31 6.65 1.00 0.15 0.88 22.1 250 29.8 124 77.8 25 240 960 28 190 21 2170 4.64 16.1 B,K, 1993 1929 1900s Summit Strombolian Eff-str Less than a month Long Long Narrow High Low Flow Unknown Unknown
V115 17.00 1.00 47.80 16.50 8.17 4.90 10.70 2.24 6.49 1.02 0.15 0.88 23.8 252 32.2 127 77 26 260 969 26 190 28 2190 4.69 16.2 B,K, 1993 1929 1900s Summit Strombolian Eff-str Less than a month Long Long Narrow High Low Flow Unknown Unknown
V116 17.00 1.00 47.80 16.60 7.78 4.77 10.60 2.28 6.47 1.00 0.15 0.88 23.0 249 31.0 119 78 25 255 992 26 195 28 2200 4.78 16.3 B,K, 1993 1929 1900s Summit Strombolian Eff-str Less than a month Long Long Narrow High Low Flow Unknown Unknown
V117 17.00 1.00 47.50 18.10 7.43 3.45 8.92 2.75 7.24 1.04 0.16 0.85 27 140 79 13 305 1150 21 229 27 2040 B,K, 1993 1929 1900s Summit Strombolian Eff-str Less than a month Long Long Narrow High Low Flow Unknown Unknown
V118 17.00 1.00 47.80 16.60 7.56 4.79 10.60 2.30 6.53 1.00 0.15 0.88 22.25 282 30.7 124 74.7 27 249 970 30 183 24 2130 4.65 15.9 B,K, 1993 1929 1900s Summit Strombolian Eff-str Less than a month Long Long Narrow High Low Flow Unknown Unknown
V119 17.00 1.00 48.00 18.60 7.50 3.22 8.29 2.73 7.89 0.98 0.15 0.82 10.56 222 10.8 130 83.1 17 361 1080 26 214 36 2170 6.77 21.3 B,K, 1993 1929 1900s Summit Strombolian Eff-str Less than a month Long Long Narrow High Low Flow Unknown Unknown
V120 17.00 1.00 48.40 18.40 7.52 3.48 8.34 2.64 7.85 0.88 0.14 0.87 11.80 217 16.4 121 71 19 319 1070 27 191 30 2350 5.97 19.4 B,K, 1993 1941 1900s Summit Strombolian Eff-str Long: More than 3 months Short Short Unknow
n
Unknown Low Flow Unknown Unknown
V121 17.00 1.00 48.60 18.70 7.47 3.38 8.20 2.63 8.10 0.90 0.14 0.90 11.07 221 9.5 114 72.5 18 308 1080 28 194 26 2380 5.71 19.3 B,K, 1993 1941 1900s Summit Strombolian Eff-str Long: More than 3 months Short Short Unknow
n
Unknown Low Flow Unknown Unknown
V122 17.00 1.00 48.50 18.50 7.50 3.45 8.27 2.55 7.93 0.89 0.14 0.88 11.90 200 16.8 127 74.9 20 323 1110 27 199 32 2370 5.85 19.8 B,K, 1993 1944 1900s Summit Vulcanian Str-vulc Less than a month Long Long Narrow High Low Flow Low Medium
V123 17.00 1.00 48.30 18.60 7.49 3.39 8.27 2.60 7.99 0.89 0.14 0.89 20 127 86 21 311 1070 19 192 26 2380 B,K, 1993 1944 1900s Summit Vulcanian Str-vulc Less than a month Long Long Narrow High Low Flow Low Medium
V124 17.00 1.00 48.30 18.50 7.39 3.49 8.33 2.62 7.89 0.90 0.14 0.87 12.32 210 17.5 98 70.2 20 305 1100 27 196 30 2350 5.91 19.6 B,K, 1993 1944 1900s Summit Vulcanian Str-vulc Less than a month Long Long Narrow High Low Flow Low Medium
V125 17.00 1.00 48.40 18.30 7.52 3.64 8.59 2.57 7.80 0.89 0.14 0.87 13.98 217 18.1 123 77.5 22 311 1070 27 197 34 2350 5.95 20.3 B,K, 1993 1944 1900s Summit Vulcanian Str-vulc Less than a month Long Long Narrow High Low Flow Low Medium
V126 17.00 1.00 48.20 18.30 7.51 3.58 8.55 2.57 7.74 0.89 0.14 0.87 26 121 73 17 308 1090 26 198 34 2380 B,K, 1993 1944 1900s Summit Vulcanian Str-vulc Less than a month Long Long Narrow High Low Flow Low Medium
V127 17.00 1.00 48.30 18.60 7.56 3.37 8.20 2.54 7.88 0.88 0.14 0.87 12.20 194 17.7 124 77.6 20 334 1100 25 191 34 2420 6.17 20.2 B,K, 1993 1944 1900s Summit Vulcanian Str-vulc Less than a month Long Long Narrow High Low Flow Low Medium
V128 17.00 1.00 48.40 18.40 7.52 3.52 8.47 2.58 7.91 0.90 0.14 0.89 27 124 89 27 308 1090 24 193 30 2360 B,K, 1993 1944 1900s Summit Vulcanian Str-vulc Less than a month Long Long Narrow High Low Flow Low Medium
V129 17.00 1.00 48.20 18.10 7.56 3.68 8.75 2.57 7.68 0.90 0.14 0.87 28 115 70 17 298 1070 22 200 24 2360 B,K, 1993 1944 1900s Summit Vulcanian Str-vulc Less than a month Long Long Narrow High Low Flow Low Medium
V130 17.00 1.00 48.40 18.30 7.59 3.65 8.72 2.58 7.75 0.91 0.15 0.89 13.49 206 17.5 116 72.2 21 310 1090 27 203 34 2390 5.89 19.5 B,K, 1993 1944 1900s Summit Vulcanian Str-vulc Less than a month Long Long Narrow High Low Flow Low Medium
V131 17.00 1.00 48.20 18.20 7.50 3.68 8.74 2.63 7.68 0.91 0.14 0.88 28 124 88 30 293 1080 21 202 27 2330 B,K, 1993 1944 1900s Summit Vulcanian Str-vulc Less than a month Long Long Narrow High Low Flow Low Medium
V132 17.00 1.00 48.40 18.50 7.45 3.29 8.39 2.67 8.01 0.90 0.14 0.90 12.50 208 10.9 122 77.9 21 308 1100 26 200 34 2480 5.74 19.6 B,K, 1993 1944 1900s Summit Vulcanian Str-vulc Less than a month Long Long Narrow High Low Flow Low Medium
V133 17.00 1.00 49.00 18.00 7.54 3.77 8.91 2.63 7.59 0.91 0.14 0.88 14.92 222 21.3 96 76.7 23 293 1080 27 193 31 2370 5.55 19.8 B,K, 1993 1944 1900s Summit Vulcanian Str-vulc Less than a month Long Long Narrow High Low Flow Low Medium
V134 17.00 1.00 48.20 18.30 7.50 3.52 8.48 2.53 7.77 0.89 0.14 0.88 30 114 67 14 309 1090 22 203 29 2370 B,K, 1993 1944 1900s Summit Vulcanian Str-vulc Less than a month Long Long Narrow High Low Flow Low Medium
V136 17.00 1.00 48.10 18.40 7.56 3.46 8.36 2.59 7.77 0.89 0.14 0.88 12.08 201 16.1 117 70.5 20 307 1100 27 196 30 2400 5.88 19.2 B,K, 1993 1944 1900s Summit Vulcanian Str-vulc Less than a month Long Long Narrow High Low Flow Low Medium
V137 17.00 1.00 48.20 18.30 7.54 3.57 8.60 2.71 7.78 0.91 0.14 0.88 11.66 205 15.7 105 76.6 21 321 1090 26 189 33 2380 6.09 19.0 B,K, 1993 1944 1900s Summit Vulcanian Str-vulc Less than a month Long Long Narrow High Low Flow Low Medium
V138 17.00 1.00 48.20 18.50 7.50 3.48 8.46 2.63 7.85 0.89 0.14 0.88 <20 122 82 20 315 1100 26 197 31 2390 B,K, 1993 1944 1900s Summit Vulcanian Str-vulc Less than a month Long Long Narrow High Low Flow Low Medium
V139 17.00 1.00 48.30 18.30 7.52 3.68 8.60 2.55 7.77 0.90 0.14 0.88 26 119 80 23 313 1100 22 190 31 2380 B,K, 1993 1944 1900s Summit Vulcanian Str-vulc Less than a month Long Long Narrow High Low Flow Low Medium
V140 17.00 1.00 48.30 18.30 7.44 3.67 8.76 2.55 7.69 0.90 0.14 0.88 23 115 77 19 293 1100 20 197 25 2390 B,K, 1993 1944 1900s Summit Vulcanian Str-vulc Less than a month Long Long Narrow High Low Flow Low Medium
V141 17.00 1.00 48.30 18.40 7.50 3.52 8.48 2.63 7.89 0.90 0.14 0.88 12.53 209 16.0 122 72.6 22 305 1090 28 196 27 2410 5.76 19.8 B,K, 1993 1944 1900s Summit Vulcanian Str-vulc Less than a month Long Long Narrow High Low Flow Low Medium
V142 17.00 1.00 48.10 18.10 7.32 3.69 8.82 2.68 7.64 0.89 0.14 0.88 31 115 64 17 306 1100 21 201 28 2350 B,K, 1993 1944 1900s Summit Vulcanian Str-vulc Less than a month Long Long Narrow High Low Flow Low Medium
V143 17.00 1.00 48.30 18.20 7.50 3.66 8.72 2.57 7.82 0.89 0.14 0.87 13.7 221 18.8 117 78.8 23 298 1050 27 198 32 2320 5.86 19.8 B,K, 1993 1944 1900s Summit Vulcanian Str-vulc Less than a month Long Long Narrow High Low Flow Low Medium
V144 17.00 1.00 48.20 18.20 7.49 3.62 8.70 2.60 7.75 0.90 0.14 0.88 29 118 70 18 298 1100 23 198 31 2390 B,K, 1993 1944 1900s Summit Vulcanian Str-vulc Less than a month Long Long Narrow High Low Flow Low Medium
V145 17.00 1.00 48.40 18.50 7.57 3.43 8.32 2.51 8.14 0.87 0.14 0.85 12.02 194 15.6 121 66.6 20 321 1080 26 196 29 2380 5.56 18.7 B,K, 1993 1944 1900s Summit Vulcanian Str-vulc Less than a month Long Long Narrow High Low Flow Low Medium
V146 17.00 1.00 48.30 18.40 7.54 3.43 8.35 2.61 7.95 0.89 0.14 0.88 12.73 206 17.9 122 78 22 300 1100 26 189 33 2450 5.97 19.8 B,K, 1993 1944 1900s Summit Vulcanian Str-vulc Less than a month Long Long Narrow High Low Flow Low Medium
V147 17.00 1.00 48.40 18.40 8.04 3.47 8.40 2.68 7.85 0.89 0.14 0.87 25 120 71 18 296 1090 18 195 24 2410 B,K, 1993 1944 1900s Summit Vulcanian Str-vulc Less than a month Long Long Narrow High Low Flow Low Medium
V148 17.00 1.00 47.60 14.50 8.03 7.23 13.30 1.63 4.79 0.96 0.15 0.83 35.1 252 146.4 86 76.0 53 191 836 26 180 22 1690 4.33 14.5 B,K, 1993 1944 1900s Summit Vulcanian Str-vulc Less than a month Long Long Narrow High Low Flow Low Medium
V149 17.00 1.00 47.90 18.00 8.00 3.77 8.94 2.62 7.48 0.90 0.14 0.88 13.94 210 20.7 114 78.2 22 295 1060 26 191 24 2350 5.67 19.2 B,K, 1993 1944 1900s Summit Vulcanian Str-vulc Less than a month Long Long Narrow High Low Flow Low Medium
SKB02Y0X     17 1.00 47.89 18.18 8.39 3.87 8.73 2.73 7.67 0.93 0.14 0.94 20 220 14 102 83 20 273 1088 33 197 30 2232 2 20 0.12 99.59 SKB 1944 1900s Summit Vulcanian Str-vulc Less than a month Long Long Narrow High Low Flow Low Medium
SKB03Y0X     17 1.00 48.15 15.22 8.27 6.45 11.40 1.94 6.37 0.99 0.14 0.85 34 238 106 125 75 41 264 842 34 194 24 1669 2 19 3.38 103.16 SKB 1794 1700s Flank Sub-plinian Effusive Less than a month Long Mid-length Mid Low Low Flow Low Medium
SKB04Y0X     17 1.00 47.66 16.93 8.69 4.74 9.71 2.57 6.81 1.02 0.14 0.93 23 243 28 85 80 26 287 953 37 212 29 1898 4 24 1.18 100.38 SKB 1794 1700s Flank Sub-plinian Effusive Less than a month Long Mid-length Mid Low Medium Flow Low Medium
SKB05Y0X     17 1.00 47.67 17.23 8.65 4.53 9.21 2.77 7.54 1.01 0.15 0.93 20 255 26 98 82 29 296 1157 36 211 31 2177 3 20 0.55 100.24 SKB 1631 1600s Flank Sub-plinian Sub-plinian Less than a month Long Long Wide Low High Flow Medium High
SKB01Y04     17 1.00 47.81 18.04 8.80 3.87 8.65 2.47 7.52 0.98 0.14 0.88 16 265 9 136 89 21 315 1047 38 219 29 2043 3 24 0.47 99.63 SKB 1804 1800s Summit Strombolian Eff-str Month to 3 months Long Mid-length Narrow Medium Low Flow Unknown Unknown
SKB02Y04      17 1.00 47.49 17.32 8.67 4.63 9.67 2.44 7.00 1.01 0.15 0.94 21 271 27 112 85 25 290 994 36 210 28 1887 3 26 0.45 99.77 SKB 1806 1800s Summit Strombolian Eff-str Less than a month Long Mid-length Narrow Medium Low Flow Unknown Unknown
SKB03Y04      17 1.00 47.51 16.04 8.62 5.80 11.08 2.60 6.32 1.06 0.14 0.92 25 262 68 109 73 38 256 925 34 195 26 1855 3 18 0.25 100.34 SKB 1834/39 Uncertain 1800s Lateral Vulcanian Eff-str Unknown Long Long Mid Medium Unknown Flow Low Medium
SKB04Y04      17 1.00 47.04 16.46 8.67 5.54 10.65 2.56 6.40 1.04 0.14 0.90 25 268 66 108 78 35 259 1008 38 214 26 1819 2 24 0.48 99.88 SKB 1855 1800s Lateral Vulcanian Eff-str Less than a month Long Long Mid Medium Medium Flow Low Low
SKB05Y04      17 1.00 47.44 18.54 8.79 3.36 8.38 2.70 7.73 1.01 0.15 0.85 15 359 12 244 45 26 150 573 22 98 18 2052 4 11 0.35 99.30 SKB 1858 1800s Lateral Strombolian Eff-str Long: More than 3 months Long Mid-length Wide Low Medium Dome High Low
SKB06Y04      17 1.00 47.79 16.29 12.36 7.07 9.71 4.10 1.69 1.75 0.19 0.65 22 265 59 132 100 35 37 1076 31 222 55 707 1 9 -0.46 101.14 SKB 1855/187
2 
Uncertain 1800s Lateral Str-vulc Eff-str Unknown Long Long Mid Medium Unknown Flow Low Unknown
SKB07Y04      17 1.00 47.82 19.05 8.19 2.92 7.99 3.17 8.31 0.95 0.15 0.80 11 217 4 108 85 10 330 1184 38 224 35 2202 4 23 0.32 99.67 SKB 1895-99 
On 
boundary 
with 1858
1800s Lateral Vulcanian Eff-str Long: More than 3 months Mid-length Short Mid Low Low Dome High Low
SKB08Y04      17 1.00 47.56 18.56 8.85 3.56 8.80 2.82 7.46 1.03 0.15 0.91 14 262 4 125 82 14 295 1140 37 225 32 2214 3 25 0.47 100.17 SKB 1906 1900s Lateral Vulcanian Vulcanian Less than a month Long Long Narrow High Medium Flow Medium High
SKB09Y04     17 1.00 47.93 18.18 8.54 3.88 8.73 2.69 7.52 0.93 0.14 0.94 16 212 17 98 82 19 272 1107 36 196 30 2292 3 22 0.48 99.96 SKB 1944 1900s Summit Vulcanian Str-vulc Less than a month Long Long Narrow High Low Flow Low Medium
SKB01Y06     17 1.00 47.56 18.39 9.02 3.70 8.75 2.91 7.43 1.07 0.16 0.90 0.42 269 6 114 79 16 296 1150 40 237 32 2000 4 25 0.42 100.31 SKB 1855 1800s Lateral Vulcanian Eff-str A week to a month Long Long Mid Medium Medium Flow Low Low
SKB02Y06        17 1.00 47.40 17.95 8.83 3.81 8.69 2.89 7.68 0.97 0.14 0.90 0.76 275 8 135 74 17 317 1054 37 219 28 2051 3 22 0.76 100.02 SKB 1804 1800s Summit Strombolian Eff-str Month to 3 months Long Mid-length Narrow Medium Low Flow Unknown Unknown
SKB03Y06        17 1.00 48.10 18.05 8.46 3.94 8.83 2.61 7.55 0.94 0.14 0.94 0.42 222 18 108 74 20 269 1099 33 199 30 2271 2 22 0.42 99.98 SKB 1944 1900s Summit Vulcanian Str-vulc Less than a month Long Long Narrow High Low Flow Low Medium
SKB04Y06        17 1.00 47.64 16.92 9.06 5.00 10.22 2.29 6.62 1.02 0.15 0.95 0.19 258 25 112 76 27 230 994 31 191 26 2132 1 18 0.19 100.06 SKB 1929 1900s Summit Strombolian Eff-str Less than a month Long Long Narrow High Low Flow Unknown Unknown
SKB07Y06        17 1.00 47.21 17.62 9.02 4.26 8.93 2.74 7.19 1.10 0.15 1.06 -0.15 261 14 119 81 23 296 1068 38 225 31 2031 2 21 -0.15 99.13 SKB 1858 1800s Lateral Strombolian Eff-str Long: More than 3 months Long Mid-length Wide Low Medium Dome High Low
SKB08Y06        17 1.00 48.03 17.69 8.68 4.40 8.63 2.56 7.41 1.00 0.14 1.01 0.28 251 26 127 77 24 333 974 37 210 29 2030 3 21 0.28 99.83 SKB 1760 Cone 1700s Flank Vulcanian Strombolian Less than a month Long Mid-length Mid Low Low Flow Low Low
SKB09Y06        17 1.00 46.86 16.66 8.49 4.76 9.62 2.40 6.66 0.99 0.14 0.89 0.77 247 35 121 71 26 283 945 36 213 26 1859 2 21 0.77 98.24 SKB 1794
Mid 
fissure, 
proximal 
to vent
1700s Flank Sub-plinian Effusive Less than a month Long Mid-length Mid Low Low Flow Low Medium
SKB10Y06        17 1.00 46.99 15.81 8.55 5.83 11.06 2.34 6.27 1.04 0.14 0.91 0.27 267 80 110 66 37 252 973 35 211 27 1787 3 21 0.27 99.21 SKB 1944 1900s Summit Vulcanian Str-vulc Less than a month Long Long Narrow High Low Flow Low Medium
SKB11Y06        17 1.00 47.75 17.86 8.92 4.24 9.11 2.38 7.21 1.05 0.15 0.94 0.42 258 16 140 79 21 292 1011 35 208 30 2015 3 22 0.42 100.03 SKB 1872
Proximal 
to upper 
vent on 
SW cone
1800s Lateral Vulcanian Strombolian Less than a month Long Long Mid Medium High Flow Low High
SKB15Y06        17 1.00 48.20 19.37 8.04 2.70 7.36 2.97 8.61 0.89 0.14 0.78 0.55 200 2 120 82 9 357 1164 38 227 36 2250 4 24 0.55 99.61 SKB 1895-99 1800s Lateral Vulcanian Eff-str Long: More than 3 months Mid-length Short Mid Low Low Dome High Low
SKB19Y06        17 1.00 47.75 17.01 8.75 4.64 9.59 2.40 7.02 1.01 0.15 0.91 0.62 274 30 114 76 25 293 957 37 216 28 1807 4 22 0.62 99.85 SKB 1794
Side of 
fissure, 
proximal
1700s Flank Sub-plinian Effusive Less than a month Long Mid-length Mid Low Low Flow Low Medium
SKB20Y06        17 1.00 47.11 18.19 9.15 3.72 8.87 2.80 7.26 1.07 0.15 0.91 0.68 255 6 114 77 16 288 1143 38 240 34 1961 3 24 0.68 99.91 SKB 1872 1800s Lateral Vulcanian Strombolian Less than a month Long Long Mid Medium High Flow Low High
SKB21Y06        17 1.00 48.16 18.97 8.36 3.12 7.93 3.19 7.80 0.88 0.15 0.77 0.29 246 7 98 74 13 291 1173 34 212 33 2329 3 26 0.29 99.62 SKB 1754 1700s Lateral Strombolian Effusive Month to 3 months Long Mid-length Mid Medium Medium Flow Low Low
SKB24Y06        17 1.00 48.74 13.03 8.06 8.64 13.57 1.60 4.75 0.96 0.13 0.77 0.33 275 205 91 61 66 217 678 32 168 21 1399 2 12 0.33 100.58 SKB 1794
High 1794 
fissure 
flow 
(possibly 
into 1756-
60 flow)
1700s Flank Sub-plinian Effusive Less than a month Long Mid-length Mid Low Low Flow Low Medium
SKB26Y06        17 1.00 46.47 16.76 8.81 4.92 9.89 2.45 6.57 1.07 0.14 0.98 0.46 263 30 118 74 27 264 999 36 222 28 1874 2 22 0.46 98.52 SKB 1861 Midflow 1800s Flank Vulcanian Str-vulc Less than a month Long Short Narrow Low Low Flow Unknown Unknown
SKB01Y07     17 2.00 45.25 17.40 8.76 3.65 8.55 2.84 7.11 1.00 0.15 0.89 15 278 6 131 76 16 280 1123 38 231 32 2052 3 23 0.73 96.33 SKB 1872 1800s Lateral Vulcanian Strombolian Less than a month Long Long Mid Medium High Flow Low High
SKB02Y07       17 1.00 47.27 15.80 8.60 5.87 11.25 2.33 6.16 1.05 0.14 0.90 22 267 79 107 67 38 252 977 36 209 27 1812 3 18 0.34 99.71 SKB 1944 1900s Summit Vulcanian Str-vulc Less than a month Long Long Narrow High Low Flow Low Medium
SKB03Y07       17 1.00 47.17 17.77 8.54 4.12 8.64 2.49 7.72 1.00 0.14 0.91 16 231 26 130 72 21 335 1042 35 202 28 2184 3 20 0.36 98.86 SKB 1855 1800s Lateral Vulcanian Eff-str Less than a month Long Long Mid Medium Medium Flow Low Low
SKB04Y07       17 1.00 47.34 16.64 8.70 5.17 10.43 2.39 6.45 1.05 0.15 0.90 17 264 55 112 73 31 266 1026 38 216 30 1805 3 19 0.48 99.70 SKB 1872 1800s Lateral Vulcanian Strombolian Less than a month Long Long Mid Medium High Flow Low High
SKB05Y07       17 1.00 47.26 16.92 8.80 5.13 10.33 2.60 6.65 1.05 0.15 0.91 25 271 55 110 76 29 267 1030 36 218 29 1804 3 21 0.62 100.42 SKB 1855 1800s lateral Vulcanian Eff-str Less than a month Long Long Mid Medium Medium Flow Low Low
SKB06Y07       17 1.00 48.28 18.82 8.40 3.50 8.18 2.70 8.00 0.92 0.14 0.97 16 212 12 106 75 16 288 1095 36 193 32 2319 3 22 0.13 100.04 SKB 1906 1900s Lateral Vulcanian Vulcanian Less than a month Long Long Narrow High Medium Flow Medium High
SKB07Y07       17 1.00 47.95 18.17 8.76 3.93 8.42 2.61 7.64 1.02 0.15 0.95 11 239 11 89 72 20 316 1033 35 204 31 2150 3 24 0.5 100.10 SKB 1906
Proximal 
to vents
1900s Lateral Vulcanian Vulcanian Less than a month Long Long Narrow High High Flow Medium High
SKB08Y07       17 1.00 47.23 18.18 8.85 3.64 8.86 2.71 7.35 1.02 0.14 0.87 15 262 9 129 77 14 282 1123 37 225 33 2118 2 25 0.56 99.41 SKB Uncertain
Somma 
likely, or 
1929
Unknown Unknown Strombolian Eff-str Unknown Long Long Narrow High Unknown Flow Unknown Unknown
SKB09Y07       17 1.00 48.07 17.51 8.48 4.77 9.44 2.22 7.22 0.95 0.14 0.95 21 238 31 114 75 29 260 981 35 182 27 2155 2 18 0.15 99.90 SKB 1913-
1944
1900s Summit Strombolian Eff-str Month to 3 months Short Short
Unknow
n
Low Low Dome Unknown Unknown
SKB12Y07       17 1.00 48.78 19.37 7.45 2.37 7.73 3.51 8.27 0.77 0.14 0.48 7 181 11 41 74 9 319 1233 34 206 37 2213 3 26 0.90 99.77 SKB 1754
Distal 
1754 flow.
1700s Lateral Strombolian Effusive Month to 3 months Long Mid-length Mid Medium Medium Flow Low Low
SKB13Y07       17 1.00 48.03 16.33 8.44 5.59 10.45 1.89 6.59 1.00 0.13 0.82 21 233 66 92 62 38 299 950 35 160 21 2173 2 15 0.48 99.75 SKB
1754 or 
pre-
1631?
Flow not 
on map so 
possibly 
Pre-1631. 
Closest, at 
1km 
distance, 
from end 
of 1754 
flow.
Unknown Unknown Strombolian Effusive Unknown Long Long Mid Medium Unknown Flow Unknown Unknown
SKB14Y07       17 1.00 47.72 15.89 8.54 5.84 11.16 2.40 6.12 1.07 0.15 0.93 29 300 75 105 68 38 257 912 34 197 24 1782 3 15 0.59 100.41 SKB 1839 1800s Lateral Vulcanian Eff-str Less than a month Long Long Mid Medium Low Flow Low Medium
SKB16Y07       17 1.00 47.34 16.62 8.70 5.34 10.63 2.35 6.46 1.07 0.14 0.93 30 267 52 107 71 31 263 943 35 201 28 1817 2 19 0.3 99.88 SKB 1834
End of 
flow
1800s Lateral Vulcanian Eff-str Less than a month Long Long Mid Medium Medium Flow Low Medium
SKB17Y07       17 1.00 47.63 17.72 8.70 4.22 9.12 2.55 7.24 1.06 0.14 1.01 17 277 7 94 75 25 288 1083 38 191 26 2221 2 17 0.71 100.10 SKB 1805 1800s Summit Strombolian Eff-str Less than a month Long Mid-length Narrow High Low Flow Unknown Unknown
SKB18Y07       17 1.00 47.41 15.68 8.10 5.81 10.71 5.27 3.42 0.95 0.14 0.84 10 205 74 56 62 37 202 971 30 175 27 1696 2 18 2.1 100.43 SKB 1631 1600s Flank Sub-plinian Sub-plinian Less than a month Long Long Wide Low High Flow Medium High
SKB19Y07       17 1.00 47.33 17.44 8.67 4.70 9.78 2.28 7.03 1.03 0.15 1.00 17 260 24 100 70 31 279 1063 38 186 26 2197 2 24 0.86 100.27 SKB 1631 1600s Flank Sub-plinian Sub-plinian Less than a month Long Long Wide Low High Flow medium High
SKB21Y07       17 1.00 48.05 19.07 8.28 3.17 7.92 3.14 7.82 0.86 0.15 0.78 10 213 8 85 73 14 287 1168 36 211 32 2253 3 27 0.91 100.15 SKB Unknown
Appears to 
be 1834 
on 
boundary 
with 1906
Unknown Unknown Unknown Unknown Unknown Long Unknown Unknown Unknown Unknown Flow Unknown Unknown
SKB22Y07       17 1.00 48.13 18.84 8.26 3.20 7.90 3.05 7.87 0.87 0.15 0.78 11 221 8 106 72 12 288 1206 36 209 34 2298 3 30 0.37 99.42 SKB Unknown
Acc map: 
1834
Unknown Unknown Unknown Unknown Unknown Long Unknown Unknown Unknown Unknown Flow Unknown Unknown
SKB23Y07       17 1.00 47.74 18.99 8.63 3.15 7.73 2.67 8.00 1.00 0.15 0.88 9 228 9 132 75 13 342 1071 37 213 32 2132 3 22 0.42 99.36 SKB Unknown
Acc map: 
1834
Unknown Unknown Unknown Unknown Unknown Long Unknown Unknown Unknown Unknown Flow Unknown Unknown
SKB24Y07       17 1.00 47.66 17.37 8.78 4.68 9.57 2.39 7.08 1.05 0.14 0.95 20 258 27 118 71 23 289 975 35 200 29 1955 3 21 0.51 100.18 SKB Unknown
Appears to 
be 1834 
on 
boundary 
with 1906.
Unknown Unknown Unknown Unknown Unknown Long Unknown Unknown Unknown Unknown Flow Unknown Unknown
SKB25Y07       17 1.00 47.59 17.40 8.71 4.44 9.29 2.51 7.19 1.04 0.14 0.94 13 248 22 96 72 24 294 994 36 199 27 2063 2 20 0.79 100.04 SKB Unknown
Acc map: 
1834
Unknown Unknown Unknown Unknown Unknown Long Unknown Unknown Unknown Unknown Flow Unknown Unknown
SKB26Y07       17 1.00 47.41 16.77 9.10 5.10 10.36 2.36 6.62 1.01 0.15 0.92 22 267 26 108 74 24 226 976 33 191 26 2121 2 19 0.25 100.05 SKB 1929 1900s Lateral Strombolian Eff-str Less than a month Long Long Narrow high Low Flow Unknown Unknown
SKB27Y07       17 1.00 47.34 16.55 9.06 5.24 10.74 2.21 6.40 1.03 0.15 0.92 22 265 30 107 72 26 221 948 34 191 25 2051 1 17 0.22 99.86 SKB 1929 or 
1906 
On 
boundary
1900s Summit Strombolian Eff-str Less than a month Long Long Narrow high Unknown Flow Unknown Unknown
SKB28Y07       17 1.00 47.35 16.69 9.05 5.08 10.46 2.29 6.53 1.01 0.15 0.94 24 263 30 109 75 23 225 962 34 190 26 2063 2 15 0.15 99.70 SKB 1929 or 
1906
On 
boundary
1900s Summit Strombolian Eff-str Less than a month Long Long Narrow high Unknown Flow Unknown Unknown
SKB29Y07       17 1.00 47.26 17.94 8.93 4.14 9.31 2.44 7.24 1.07 0.15 0.98 18 261 18 120 77 21 290 1023 37 214 29 2021 2 21 0.52 99.98 SKB 1839
Mid-1839 
flow
1800s Lateral Vulcanian Eff-str Less than a month Long Long Mid Medium Low Flow Low Medium
SKB31Y07       17 1.00 46.77 18.83 8.41 2.98 7.44 2.95 8.27 0.97 0.14 0.85 8 218 6 115 76 12 350 1084 36 209 31 2202 3 21 1.47 99.08 SKB Uncertain
Boundary 
between 
1822 and 
1944, or 
1941.
1900s Summit Strombolian Eff-str Long: More than 3 months Short Short
Unknow
n
Unknown Unknown Flow Unknown Unknown
SKB32Y07       17 1.00 48.05 17.44 8.65 4.59 8.91 2.43 7.34 1.00 0.14 1.00 15 249 29 110 75 25 333 957 37 207 29 1999 4 25 0.06 99.61 SKB 1822
Boundary 
between 
1822 and 
1944
1800s
lateral/s
ub-
terminal
Vulcanian Str-vulc Unknown Mid-length Mid-length Wide Unknown Unknown Flow Unknown Unknown
SKB33Y07       17 1.00 48.10 18.12 8.40 3.97 8.97 2.57 7.62 0.93 0.14 0.94 20 223 21 104 74 20 268 1084 33 195 30 2272 2 23 -0.08 99.68 SKB 1872
Mid-
length 
flow to 
south
1800s Lateral Vulcanian Strombolian Less than a month Long Long Mid Medium High Flow Low High
SKB34Y07       17 1.00 47.32 18.18 9.11 3.69 8.80 2.92 7.26 1.05 0.16 0.90 7 256 7 126 80 15 287 1133 39 236 35 2021 3 24 0.38 99.77 SKB 1858 1800s Lateral Strombolian Eff-str Long: More than 3 months Long Mid-length Wide Low Medium Dome High Low
SKB35Y07       17 1.00 48.09 19.39 7.96 2.65 7.34 2.94 8.69 0.90 0.14 0.77 11 197 6 116 73 10 362 1176 36 221 39 2307 3 22 0.42 99.29 SKB 1895-99 1800s Lateral Vulcanian Eff-str Long: More than 3 months Mid-length Short Mid Low Low Dome High Low
SKB36Y07       17 1.00 47.19 16.98 8.66 4.80 9.96 2.41 6.94 1.02 0.14 0.99 16 282 25 91 71 30 277 1047 36 184 25 2191 3 17 0.77 99.86 SKB 1631 1600s Flank Sub-plinian Sub-plinian Less than a month Long Long Wide Low High Flow Medium High
SKB37Y07       17 1.00 47.97 16.08 8.30 6.27 11.08 1.96 6.24 1.01 0.14 0.91 29 259 84 101 68 42 262 869 36 193 26 1889 2 22 0.24 100.20 SKB 1760 1700s Flank Vulcanian Strombolian Less than a month Long Mid-length Mid Low Low Flow Low Low
SKB38Y07       17 1.00 46.81 16.20 8.20 5.57 10.13 2.16 6.32 0.97 0.13 0.89 21 255 63 82 67 37 270 918 35 194 25 2004 2 18 0.51 97.89 SKB 1760 Distal 1700s Flank Vulcanian Strombolian Less than a month Long Mid-length Mid Low Low Flow Low Low
SKB39Y07       17 1.00 47.25 17.02 8.29 4.45 8.88 2.45 7.63 0.95 0.14 0.96 17 239 39 93 71 33 312 1051 35 184 31 2099 3 19 0.58 98.60 SKB 1631
Uncertain: 
1631 most 
l ikely. 
Distal 
1805 if 
reached 
the sea 
(0.5km 
from 
mapped 
1600s Unknow
n
? ? Less than a month Long Long Unknow
n
Unknown Unknown Flow Medium High
SKB40Y07       17 1.00 47.83 17.43 8.78 4.31 9.31 2.58 7.36 1.00 0.14 0.92 15 265 22 101 70 24 300 996 37 215 27 1981 3 19 0.63 100.29 SKB 1861 1800s Flank Vulcanian Str-vulc Less than a month Long Short Narrow Low Low Flow Unknown Unknown
SKB41Y07       17 1.00 48.17 14.30 8.00 7.52 12.27 2.15 5.66 0.97 0.13 0.83 30 241 187 85 59 67 252 845 32 164 23 1734 2 15 0.76 100.76 SKB 1794
Acc map: 
1631, but 
field 
studies 
suggest 
1794
1700s Flank Sub-plinian Effusive Less than a month Long Mid-length Mid Low Low Flow Low Medium
SKB42Y07       17 1.00 48.11 15.52 8.50 6.09 11.12 3.27 4.62 1.02 0.14 0.90 27 274 83 113 67 37 265 855 37 198 24 1822 3 19 0.85 100.14 SKB 1794 1700s Flank Sub-plinian Effusive Less than a month Long Mid-length Mid Low Low Flow Low Medium
SKB43Y07       17 1.00 47.00 17.73 8.62 4.03 8.75 2.62 7.49 0.99 0.14 0.88 13 261 22 118 73 22 301 1024 37 214 28 1975 3 21 0.35 98.60 SKB 1805 1800s Summit Strombolian Eff-str Less than a month Long Mid-length Narrow High Low Flow Unknown Unknown
SKB44Y07       17 1.00 47.69 17.95 8.92 3.65 8.52 2.60 7.55 0.96 0.15 0.89 13 251 8 119 71 15 322 1048 37 219 31 1995 3 23 0.65 99.53 SKB 1804 1800s Summit Strombolian Eff-str Month to 3 months Long Mid-length Narrow Medium Low Flow Unknown Unknown
SKB45Y07      17 1.00 47.98 17.38 8.83 4.44 9.46 2.18 7.23 1.01 0.15 0.95 21 265 27 113 78 24 299 986 39 214 29 1943 3 19 0.45 100.06 SKB 1806 1800s Summit Strombolian Eff-str Less than a month Long Mid-length Narrow Medium Low Flow Unknown Unknown
SKB46Y07       17 1.00 47.65 17.56 8.83 4.28 9.15 2.39 7.38 1.02 0.15 0.93 6 215 9 113 73 15 298 1235 36 216 33 2290 4 26 0.38 99.72 SKB 1886 1800s Lateral Strombolian Effusive Long: More than 3 months Mid-length Short Narrow Low Unknown Dome Unknown Unknown
SKB47Y07       17 1.00 47.94 18.78 8.52 3.33 7.81 2.55 8.06 0.98 0.15 0.87 17 256 23 104 71 23 300 984 36 211 30 1998 3 19 0.52 99.51 SKB 1886 1800s Lateral Strombolian Effusive Long: More than 3 months Mid-length Short Narrow Low Unknown Dome Unknown Unknown
SKB48Y07       17 1.00 48.03 19.07 8.24 3.16 7.95 3.16 7.95 0.86 0.15 0.79 13 242 7 111 73 14 345 1041 36 209 30 2094 3 26 0.7 100.06 SKB 1754 1700s Lateral Strombolian Effusive Month to 3 months Long Mid-length Mid Medium Medium Flow Low Low
SKB20Y07       17 2 48.10 15.72 8.39 5.89 11.23 2.01 6.45 1.02 0.14 0.93 28 266 57 87 63 42 253 954 37 173 22 2027 1 15 0.58 100.46 SKB Pre-1631 Pre-1631 Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown Flow Unknown Unknown
SKB10Y07       17 2 50.64 18.31 7.84 4.92 8.70 2.42 5.59 0.97 0.12 0.74 21 206 48 75 75 31 227 958 30 196 31 2177 3 21 0.16 100.41 SKB Somma Pre-1631 Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown Flow Unknown Unknown
SKB11Y07       17 2 51.64 18.66 7.52 4.14 7.70 2.42 6.04 0.96 0.12 0.74 22 215 24 54 71 19 231 900 29 210 31 1880 3 19 0.04 99.98 SKB Somma Pre-1631 Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown Flow Unknown Unknown
SKB27Y06        17 2 51.13 17.98 7.01 4.92 8.21 2.10 6.89 0.88 0.12 0.70 0.15 205 70 76 63 36 321 776 32 177 25 1703 2 16 0.15 100.09 SKB Pollena Pre-1631 Flank Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown Flow Unknown Unknown
SKB28Y06        17 2 50.46 16.55 7.70 6.25 9.53 2.03 5.26 0.95 0.12 0.80 0.51 203 132 53 68 52 215 870 33 196 27 1780 2 19 0.51 100.16 SKB Pollena Pre-1631 Flank Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown Flow Unknown Unknown
SKB25Y06        17 2 48.11 17.35 9.81 4.70 9.10 2.28 5.84 1.23 0.16 1.21 -0.12 282 10 92 79 26 229 1147 40 233 35 2102 3 23 -0.12 99.67 SKB Somma Pre-1631 Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown Flow Unknown Unknown
SKB22Y06        17 2 51.87 17.90 7.80 3.48 8.13 3.74 4.23 0.89 0.14 0.65 0.66 182 28 27 78 15 217 984 39 245 36 1521 3 20 0.66 99.49 SKB Pollena Pre-1631 Flank Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown Flow Unknown Unknown
SKB23Y06        17 2 50.31 16.60 8.07 5.99 8.92 2.38 5.41 1.09 0.13 0.93 0.13 216 73 50 69 41 250 1131 36 245 52 1973 3 20 0.13 99.96 SKB Somma Pre-1631 Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown Flow Unknown Unknown
SKB16Y06        17 2 48.00 17.96 8.61 3.96 9.15 2.30 7.35 0.99 0.14 0.85 0.65 255 12 102 80 24 294 1109 37 196 28 2201 3 22 0.65 99.96 SKB
Viuli/Fos
samonac
o
Pre-1631 Flank Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown Flow Unknown Unknown
SKB17Y06        17 2 50.93 19.15 7.25 4.42 8.62 3.35 3.96 0.98 0.12 0.71 0.55 213 32 52 68 26 211 941 30 188 27 1885 2 17 0.55 100.04 SKB Somma Pre-1631 Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown Flow Unknown Unknown
SKB18Y06        17 2 47.95 17.86 8.52 3.92 9.10 2.22 7.19 0.98 0.14 0.87 0.91 247 14 85 79 24 284 1100 38 196 29 2173 3 17 0.91 99.66 SKB
Viuli/Fos
samonac
o
Pre-1631 Flank Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown Flow Unknown Unknown
SKB12Y06        17 2 50.15 16.31 7.78 6.18 9.48 2.15 5.40 0.94 0.13 0.79 0.47 219 129 77 68 51 235 863 34 196 27 1728 2 15 0.47 99.78 SKB Pollena Pre-1631 Flank Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown Flow Unknown Unknown
SKB13Y06        17 2 50.29 16.75 7.70 5.93 9.26 2.46 4.87 0.95 0.12 0.81 0.49 220 113 88 64 46 233 903 34 200 28 1898 2 22 0.49 99.63 SKB Pollena Pre-1631 Flank Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown Flow Unknown Unknown
SKB14Y06        17 2 52.18 17.98 7.71 3.45 8.04 2.76 5.53 0.89 0.14 0.65 0.53 182 32 32 75 13 206 971 39 246 34 1477 1 20 0.53 99.86 SKB Pollena Pre-1631 Flank Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown Flow Unknown Unknown
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Figure 1: Cross sections through a theorised Somma volcano and the NEFZ (top) and NWFZ (bottom). 
 Figure 2: Base map for cross sections 1-10. 
 
 
 
 
 Figure 3: Cross sections 1 and 2, through Camaldoli (top) and a submarine fumarole, and the 1760 and and Fossamonaca and Viulo cones (bottom) 
  
 
 
 
 
 
  
Figure 4: Cross sections 3 and 4, through the 1631 fissure and Bosco del Monaco (top), and i Monticelli (bottom). 
  
Figure 5: Cross sections 5 and 6, through 1631 and I Tironi (top) and Pollena cones (bottom). 
  
  
Figure 6: Cross sections 7 and 8, through the Strocchioni cone and 1794 fissures (top), and the Severino and 1861 fissures, the 1861 zone of sea “boiling”, 
and the pit crater of unknown age, as well as a submarine vent of unknown age (bottom). 
  
  
 
 
Figure 7: Cross section through the Vallone della Vigna eruptive centre, NW-SE (top), and the San Giovanni cone (bottom). 
Source Vent 
Max. Distance from 
Crater Centre (km) 
This study I Camaldoli 4.80 
This study Pollena 3.00 
This study San Giovanni 7.40 
This study Vigna 4.10 
This study Severino 5.20 
This study Strocchioni 7.50 
This study Viulo 5.40 
This study Fossamonaca 5.00 
This study 
Bosco del 
Monaco 
5.00 
This study I Tironi 3.60 
This study I Monticelli 2.80 
This study 1631 (S) 2.90 
This study 1631 (W) 3.60 
Acocella et al., 2006. 1760 4.03 
This study 1794 3.60 
Acocella et al., 2006. 1861 3.63 
Acocella et al., 2006. 1694 1.49 
Acocella et al., 2006. 1697-98 3.65 
Acocella et al., 2006. 1701 1.84 
Acocella et al., 2006. 1714 1.65 
Acocella et al., 2006. 1717 1.71 
Acocella et al., 2006. 1737 1.03 
Acocella et al., 2006. 1751-52 2.57 
Acocella et al., 2006. 1754-55 1.23 
Acocella et al., 2006. 1767 2.56 
Acocella et al., 2006. 1771 1.59 
Acocella et al., 2006. 1804-05 1.12 
Source Vent 
Max. Distance from 
Crater Centre (km) 
Acocella et al., 2006. 1820 1.20 
Acocella et al., 2006. 1822 0.90 
Acocella et al., 2006. 1822 1.26 
Acocella et al., 2006. 1834 2.26 
Acocella et al., 2006. 1839 2.36 
Acocella et al., 2006. 1847 1.38 
Acocella et al., 2006. 1850 1.98 
Acocella et al., 2006. 1855 1.03 
Acocella et al., 2006. 1855-58 1.36 
Acocella et al., 2006. 1868 0.86 
Acocella et al., 2006. 1871 1.53 
Acocella et al., 2006. 1872 1.00 
Acocella et al., 2006. 1881-84 1.45 
Acocella et al., 2006. 1885-86 0.66 
Acocella et al., 2006. 1886-87 0.90 
Acocella et al., 2006. 1891-94 1.49 
Acocella et al., 2006. 1895-99 1.46 
Acocella et al., 2006. 1906 1.48 
Acocella et al., 2006. 1913 1.67 
Acocella et al., 2006. 1929 1.38 
 
Table 1: Data from this study and Acocella et al., (2006) for the maximum distance of flank and 
lateral vents from the centre of the crater. 
 
 
 
Distance 
Categories 
(km) 
Frequency of Flank or Lateral Eruptive 
Sites in Distance Category (Subaerial 
Vents) 
0-1 5 
1-2 21 
2-3 7 
3-4 5 
4-5 5 
5-6 2 
6-7 0 
7-8 2 
Table 2: Frequency of flank or lateral vents in each distance category for all known subaerial vents – 
from Table 1. 
 
Distance 
Categories 
(km) 
Frequency of Flank or Lateral Eruptive 
Sites in Distance Category (post-1631 
Subaerial Vents) 
0-1 5 
1-2 21 
2-3 5 
3-4 4 
4-5 1 
5-6 0 
6-7 0 
7-8 0 
 
Table 3: Frequency of flank or lateral vents in each distance category for post-1631 subaerial vents – from Table 1. 
 
Vent Lateral or Flank 
Sector of Edifice 
of Lateral or Flank 
Vent 
Azimuth Based on 
Assumption of 
Radiality and Sector 
of Edifice (this 
study) 
Azimuth (Acocella et 
al., 2006) 
I Camaldoli Flank SSW 202 - 
Pollena Flank NW 308 - 
San Giovanni Flank NW 316 - 
Vigna Flank NW 320 - 
Severino Flank NE 64 - 
Strocchioni Flank NE 61 - 
Viulo Flank S 179 - 
Fossamonaca Flank S 178 - 
Bosco del 
Monaco 
Flank SSE 165 - 
I Tironi Flank S 270 - 
I Monticelli Flank W 195 - 
1631 Flank W, SSE 270, 157.5 220 
1694 Lateral - - 290 
1697 Lateral WSW 247.5 255 
1698 Lateral WSW 247.5 -  
1701 Lateral E 90 135 
1707-1708 Lateral SW 225  - 
1714-1718 Lateral E, SSE 90, 157.5 
150 (1714), 185 
(1717) 
1718-1723 Lateral SW 225  - 
1737 Lateral SSW 202.5 260 
1751 Lateral SE 135 140 
1754 Lateral SE 135 145 
1756-1760 Lateral SE 135  - 
1760 Flank S 180 175 
Vent Lateral or Flank 
Sector of Edifice 
of Lateral or Flank 
Vent 
Azimuth Based on 
Assumption of 
Radiality and Sector 
of Edifice (this 
study) 
Azimuth (Acocella et 
al., 2006) 
1764-1767 Lateral SE, SW 135, 225  - 
1767 Lateral NNW, SE 337.5, 135 270 
1770-1773 Lateral E, NE 90, 45  270 (1771) 
1779 Lateral N, NNE, NNW, NW 0, 22.5, 337.5,315  - 
1780-1790 Lateral S, W 180, 270  - 
1794 Flank WSW, ENE 247.5, 67.5 250-260 
1804-1805 Lateral  - -  225 
1809 Lateral SE 135 -  
1810 Lateral S 180  - 
1812 Lateral SE 135  - 
1819 Lateral NE, SW 45, 225 - 
1819 Lateral NW, W 315, 270 - 
1820 Lateral - - 250-275 
1822 Lateral NW 315 285 
1822 Lateral E, S 90, 180 180 
1834 Lateral NE, NW 45, 315 130 
1839 Lateral E, W 90, 270 125 
1845-1850 Lateral E 90 240 (1847) 
1850 Lateral 
N, N, NE, NNE, 
NNE 
0, 0, 45, 22.5, 22.5 135 
1855 Lateral N 0 315 
1858-1861 Lateral N, E, W 0, 90, 270 285 (1855-58) 
1861 Flank SW 225 250 
1867-1868 Lateral SE 135 -  
1868 Lateral NNW 337.5 10,270 
Vent Lateral or Flank 
Sector of Edifice 
of Lateral or Flank 
Vent 
Azimuth Based on 
Assumption of 
Radiality and Sector 
of Edifice (this 
study) 
Azimuth (Acocella et 
al., 2006) 
1871 Lateral N, NW, W 0, 315, 270 290 
1872 Lateral NW, SW 315, 225 320 
1874-1884 Lateral NW, SE 315, 135 115 (1881-84) 
1885-1886 Lateral NE, SE, SSW 45, 135, 202.5 220 
1891-1894 Lateral NNW 337.5 0,30 
1895-1899 Lateral WNW 292.5 310 
1903-1904 Lateral NW, WNW, NE 315, 292.5, 45  - 
1906 Lateral NNE, SE, ESE, SSE 
22.5, 135, 112.5, 
157.5 
140 
1913 Lateral - - 95 
1929 Lateral - - 100 
1944 Lateral - - 0.125 
 
Table 4: The location of flank and lateral vents, pre and post-1631. Data from this study and Acocella 
et al., 2006.  Blanks are where data is unavailable. 
 
 
 
 
 
 
 
 
Compass 
Direction 
(degrees) 
Compass 
Direction 
Total Number of 
Lateral and 
Flank Features 
Lateral 
Total 
Flank 
Total 
Total 
Pre-
1767 
Total 
Post-
1767 
0 N 6 6 0 0 6 
22.5 NNE 4 4 0 0 4 
45 NE 6 6 0 0 6 
67.5 ENE 1 1 0 0 1 
90 E 7 7 0 2 5 
112.5 ESE 1 1 0 0  1 
135 SE 11 10 1 4 7 
157.5 SSE 3 2 1 2 1 
180 S 4 3 1 1 3 
202.5 SSW 2 2  0 1 1 
225 SW 6 5 1 3 3 
247.5 WSW 3 2 1 2 1 
270 W 6 5 1 1 5 
292.5 WNW 2 2 0 0 2 
315 NW 8 8 0 0 8 
337.5 NNW 4 4 0 0 4 
 
Table 5: Number of lateral and flank vents in each edifice sector, including division by age pre- and 
post-1767. 
 
 
  
 

 
 
 
 
 
Figure 8: Fissure trends for eruptions involving the development of lateral and flank sites. Arrow 
sizes approximate feature sizes. 
 
 
 
 
Experime
nt date
Injection 
site
Eruption 
(Y) or No 
eruption 
(N)
Fissure (F) 
or Vent 
(V)
Fissure 
Radial (R) 
or Non-
Radial 
(NR)
Fissure 
length 
(mm)
Dyke 
radial (R) 
or Non-
Radial 
(NR)
Dyke 
length 
(mm)
Dyke 
angle 
from 
vertical 
(°)
Eruption 
distance 
from 
point of 
injection 
(mm)
Notes
10-Dec Centre N - - - R 25 <10 - Magma reaches ~20mm below crater.
11-Dec Centre N - - - R 20 15 -
Magma reaches ~20mm below crater, leans towards 
summit.
16-Dec Centre N - - - NR 24 10 -
17-Dec
Centre 
with hole
N - - - R 50 0 -
Magma rises quickly through pre-cut hole but then 
spreads laterally and would form radial fissures on cone 
N-S if continued supply. Dyke has a little kink at the 
ends.
18-Dec
Centre 
with hole
N - - - NR 15 0 -
This is off centre (D2 is closer to centre) Fills hole, 
spreads laterally slightly. 
18-Dec
Centre 
with hole 
(act.D2)
Y F NR 13 NR 54 0 1
09-Dec A2 N - - - R 34 0
15-Dec A2 N - - - R 17 30 -
18-Dec A2 N - - - R 30 25 - Lava to 34cm.
11-Dec A3 Y F R 10 R 26 5 1 Lava to 21cm.
16-Dec A3 N - - - NR 10 10 -
17-Dec A3 N - - - R 14 30 -
10-Dec A4 Y F NR 13 NR 26 45 10 Dyke tilted back towards cone. Lava towards B to 22cm.
17-Dec A4 Y F R 9 R 25 40 10 Erupts upslope towards H. Lava to 21cm.
18-Dec A4 Y F R 8 R 20 40 12 Lava to 23cm.
09-Dec A5 Y F SR 11 SR 11 40 4 Eruption from upper fissure, lava to 16cm
16-Dec A5 Y F NR 5 NR 14 0 0 Lava to 16cm
18-Dec A5 Y F R 5 R 10 30 4 Lava to 20cm
15-Dec A6 Y F NR 5 - 15 7 Eruption upslope, flow to 5cm. 
17-Dec A6 Y F SR 5 SR 12 20 5 Eruption slightly upslope, towards B, lava to 14cm.
18-Dec A6 Y V R 1 - - 0 0 Fountain
A7
10-Dec B2 N - - - R 18 ~0 -
11-Dec B2 N - - - R 15 35 -
16-Dec B2 N - - - NR 18 - -
09-Dec B3 Y F NR 10 NR 20 ~0 1 Eruption from mid-fissure, 2 branches to max 20cm
15-Dec B3 N - - - NR 20 35 -
17-Dec B3 N - - - NR 30 35 - Upslope.
12-Oct B4 Y F R 4 R 14 12 6 Flow to 15cm
16-Dec B4 Y F NR 5 NR 18 0 0 Lava to 12cm
18-Dec B4 Y F R 5 R 14 30 9 Lava to 15
11-Dec B5 Y V - - - - 0 0 Fountain
17-Dec B5 Y V - - - - 0 0 Fountain
18-Dec B5 Y - - - - - - 0 Fountain
B6
B7
09-Dec C2 N - - - NR 35 0
15-Dec C2 N - - - NR 55 30 - Towards D
17-Dec C2 N - - - NR 25 25 -
11-Dec C3 N - - - NR 33 <20 - Saucer shaped
16-Dec C3 N - - - R 15 20 -
18-Dec C3 N - - - NR 18 <10 -
09-Dec C4 N - - - NR 14 ~0 -
16-Dec C4 Y F R 11 R 27 20 4 Lava to 14cm, 3 branches.
17-Dec C4 Y F SR 8 SR 25 20 5 Erupts downslope towards D. Lava to 16cm.
10-Dec C5 Y F SR 9 Sr 14 50 11 Erupts downslope towards D. Lava to 15cm
15-Dec C5 Y F NR 7 NR 17 40 9 Eruption upslope, lava to 16cm thin flow.
18-Dec C5 Y F NR 6 NR 18 10 3 Lava to 13cm
09-Dec C6 Y F NR 9 NR 23 40 9 Erupts downslope. Lava to 14cm
11-Dec C6 Y F SR 9 SR 14 45 8
16-Dec C6 Y F R 6 R 11 40 8 Lava to 9cm
17-Dec C6 Y V R 2 R 6 0 0 Fountain, small fissure, really vent.
C7
09-Dec D2 N - - - NR 10 0
Very hard to inject - didn't inject far into model, close to 
max edifice height.
11-Dec D2 N - - - S-NR 38 20-25 -
16-Dec D2 N - - - NR 20
10-Dec D3 N - - - NR 33 25 -
15-Dec D3 N - - - R 21 30 -
17-Dec D3 N - - - R 13 35 -
09-Dec D4 Y F NR 9 NR 24 40 10 Upslope of injection. Lava to 22cm
11-Dec D4 Y F SR 9 SR 21 30 14 Slightly upslope, towards E. Lava to 11cm.
16-Dec D4 Y F NR 10 Nr 17 10 2 Lava to 15 cm. With contour.
15-Dec D5 Y F R 15 R 16 70 13
Eruption towards E. Fissure circular, starts radial.  
Started upslope, propagated dowards. Flow to 10cm. 
Fissure max width 2mm
16-Dec D5 Y Tiny F NR 3 NR 6 25 4 Lava to 10cm, fountain.
17-Dec D5 Y V - - - - 0 0 Fountain.
D6
D7
09-Dec E2 N - - - R 40 0 Almost cuts crater, vertical with slight incline towards D
15-Dec E2 N - - - R 30 30 -
17-Dec E2 N - - - R 24 ~0 -
10-Dec E3 N - - - R 20 30 -
16-Dec E3 N - - - R 32 40 -
18-Dec E3 N - - - NR 18 0 - Hard to push.
09-Dec E4 N - - - R 22
17-Dec E4 N - - - R 15 <10 -
18-Dec E4 N - - - NR 11 <10 -
11-Dec E5 N - - - R <10 - Multiple angles (wiggle?)
15-Dec E5 Y F SR 6 SR 21 30 4 Eruption towards D. Lava to 11cm
16-Dec E5 Y Tiny F SR 4 SR 10 10 1 Lava to 16cm, fountain.
10-Dec E6 Y F R 5 R 12 ~0 5 Lava to 19cm
17-Dec E6 Y F NR 5 NR 11 50 6 Eruption downslope towards F. Lava to 18cm.
18-Dec E6 N - - - R 10 0 - Hard to push.
E7
10-Dec F2 N - - - R 47 <10 -
11-Dec F2 N - - - R-NR 12 ~0 -
16-Dec F2 N - - - SR 12 F-B
09-Dec F3 N - - - R 11
15-Dec F3 N - - - NR 25 25 -
17-Dec F3 N - - - R 10 Hard to push.
10-Dec F4 Y F R 10 R 14 25 8 Flow to 14cm, eruption from lower end of fissure.
16-Dec F4 N - - - NR 18 30 - Rather than vertical ascent, it spreads laterally.
17-Dec F4 Y F R 10 R 20 15 2 Eruption towards G. Lava to 18cm
11-Dec F5 Y F R 6 R 12 20 5 Lava to 18cm
16-Dec F5 Y F NR 8 NR 11 40 6 Lava to 18cm
18-Dec F5 Y F NR 4 NR 14 30 5 Lava to 14cm
15-Dec F6 Y F R 4 r 10 15 5 Erupts towards G. Lava to 12cm.
17-Dec F6 Y F R 2 R 6 10 1 Erupts towards F. Lava to 20cm.
18-Dec F6 Y F SR 4 SR 10 10 Lava to 19cm
F7
09-Dec G2 N - - - NR 42 ~0
Dyke spread laterally and intersected with other dyke, 
filling that and out the bottom. 
15-Dec G2 N - - - NR 20 25 -
18-Dec G2 N - - - NR 15 -
10-Dec G3 N - - - SR-NR 19 10 -
16-Dec G3 N - - - NR 20 15 -
17-Dec G3 N - - - NR 34 0 -
09-Dec G4 N - - - NR 15 -
15-Dec G4 N - - - R 14 30 -
18-Dec G4 Y F NR 4 NR 13 <10 1 Lava to 22cm
11-Dec G5 Y F SR 2 Sr 17 0 Lava to 3cm, last part of injection.
17-Dec G5 Y F R 4 R 12 0 1 Fountain and flow to 13cm
18-Dec G5 N - - - R 11 40 -
10-Dec G6 Y F SR 5 SR 11 30 9 Erupts slightly upslope towards F. Lava to 17cm.
16-Dec G6 Y F SR 6 SR 16 30 6 Lava to 11cm.
18-Dec G6 Y F SR 6 SR 13 8 Lava to 20cm
G7
11-Dec H2 N - - - NR 30 30 -
09-Dec H2 N - - - NR 19 0
16-Dec H2 N - - - NR 30 30 -
10-Dec H3 N - - - NR 21 20
15-Dec H3 N - - - R 10 0 -
18-Dec H3 N - - - NR 24 40 -
09-Dec H4 Y F NR 5 NR 10 35 4 Erupts downslope towards G.
16-Dec H4 Y F NR 6 NR 15 0 3
17-Dec H4 N - - - SR 15 30 - Didn't erupt, but close to forming radial fissure.
15-Dec H5 Y V - - - - - 0
17-Dec H5 Y Tiny F SR 2 SR 3 25 1 Fountain
18-Dec H5 Y - - - - - 0 0 Fountain
Min 1 Min 3 0 0
Max 15 Max 55 70 14
Mode 5 Mode 10 0 0
Mean 2.79661 Mean 18.33333 17.26606 2.509615
Median 6 Median 17 25 4
SOMMA FISSURES: NW SECTOR
Fissure azimuths Departure from normality to contours
All 
Inner circle Outer circle Inner circle Outer circle
Angle range 
(degrees)
Frequency of 
fissures
Inner circle Outer circle
Angle range 
(degrees)
Frequency of 
fissures
359-179 343-163 60 10 0-10 1 52 8 0-10 2
269-89 343-163 66 36 11-20 2 64 53 11-20 2
233-53 4-184 41 33 21-30 1 54 38 21-30 0
236-56 8-188 74 56 31-40 2 62 42 31-40 2
224-44 334-154 56 25 41-50 1 70 46 41-50 3
308-128 62 51-60 3 14 51-60 3
275-95 18 61-70 3 15 61-70 3
289-109 66 71-80 1 40 71-80 0
288-108 16 81-90 0 3 81-90 0
Inner 48
Angle range 
(degrees)
Frequency of 
fissures
Angle range 
(degrees)
Frequency of 
fissures
0-10 0 0-10 0
11-20 0 11-20 0
21-30 0 21-30 0
31-40 0 31-40 0
41-50 1 41-50 0
51-60 2 51-60 2
61-70 1 61-70 3
71-80 1 71-80 0
81-90 0 81-90 0
Outer
Angle range 
(degrees)
Frequency of 
fissures
Angle range 
(degrees)
Frequency of 
fissures
0-10 1 0-10 2
11-20 2 11-20 2
21-30 1 21-30 0
31-40 2 31-40 2
41-50 0 41-50 3
51-60 1 51-60 1
61-70 2 61-70 0
71-80 0 71-80 0
81-90 0 81-90 0
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SOMMA FISSURES: N SECTOR
Fissure azimuths
Inner circle Outer circle Inner circle Outer circle
Angle range 
(degrees)
Frequency of 
fissures
Inner circle Outer circle
Angle range 
(degrees)
Frequency of 
fissures
274-94 23-203 24 60 0-10 2 33 74 0-10 1
276-96 23-203 38 24 11-20 2 40 32 11-20 3
300-120 27-207 18 38 21-30 6 71 48 21-30 0
285-105 37-217 58 26 31-40 3 15 31 31-40 7
335-155 292-112 16 36 41-50 0 12 47 41-50 2
2-182 15-195 67 66 51-60 4 68 55 51-60 1
348-168 56-236 10 60 61-70 3 33 32 61-70 2
345-165 75-255 3 25 71-80 0 17 63 71-80 3
354-174 28-208 26 30 81-90 0 84 33 81-90 1
32-212 67 0
14-194 60 75
Angle range 
(degrees)
Frequency of 
fissures
Angle range 
(degrees)
Frequency of 
fissures
0-10 2 0-10 1
11-20 2 11-20 3
21-30 2 21-30 0
31-40 1 31-40 3
41-50 0 41-50 0
51-60 2 51-60 0
61-70 2 61-70 1
71-80 0 71-80 2
81-90 0 81-90 1
Angle range 
(degrees)
Frequency of 
fissures
Angle range 
(degrees)
Frequency of 
fissures
0-10 0 0-10 0
11-20 0 11-20 0
21-30 4 21-30 0
31-40 2 31-40 4
41-50 0 41-50 2
51-60 2 51-60 1
61-70 1 61-70 1
71-80 0 71-80 1
81-90 0 81-90 0
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SOMMA FISSURES: NE SECTOR
Fissure azimuths Departure from normality to contours
Inner circle Outer circle Inner circle Outer circle
Angle range 
(degrees)
Frequency of 
fissures
Inner circle Outer circle
Angle range 
(degrees)
Frequency of 
fissures
26-206 12-192 33 20 0-10 3 35 5 0-10 3
30-210 15-195 0 55 11-20 3 0 90 11-20 2
60-240 25-205 20 23 21-30 3 6 12 21-30 0
59-239 29-209 24 12 31-40 1 44 58 31-40 3
64-244 40-220 49 22 41-50 1 32 13 41-50 1
118-298 102-282 8 5 51-60 1 32 51-60 1
61-70 0 61-70 0
71-80 0 71-80 0
81-90 0 81-90 1
Angle range 
(degrees)
Frequency of 
fissures
Angle range 
(degrees)
Frequency of 
fissures
0-10 2 0-10 2
11-20 1 11-20 0
21-30 1 21-30 0
31-40 1 31-40 3
41-50 1 41-50 1
51-60 0 51-60 0
61-70 0 61-70 0
71-80 0 71-80 0
81-90 0 81-90 0
Angle range 
(degrees)
Frequency of 
fissures
Angle range 
(degrees)
Frequency of 
fissures
0-10 1 0-10 1
11-20 2 11-20 2
21-30 2 21-30 0
31-40 0 31-40 0
41-50 0 41-50 0
51-60 1 51-60 1
61-70 0 61-70 0
71-80 0 71-80 0
81-90 0 81-90 1
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Inner
All
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SOMMA FISSURES: E SECTOR
Fissure azimuths Departure from normality to contours
Inner circle Outer circle Inner circle Outer circle
Angle range 
(degrees)
Frequency of 
fissures
Inner circle Outer circle
Angle range 
(degrees)
Frequency of 
fissures
20-200 16-196 60 1 0-10 3 74 5 0-10 2
30-210 93-273 30 55 11-20 2 44 44 11-20 2
29-209 73-253 10 57 21-30 1 20 77 21-30 1
39-219 148-328 55 11 31-40 0 62 65 31-40 0
69-249 150-330 14 72 41-50 0 30 2 41-50 2
63-243 63 51-60 5 68 51-60 0
89-269 55 61-70 1 11 61-70 4
121-301 1 71-80 1 62 71-80 2
81-90 0 81-90 0
Angle range 
(degrees)
Frequency of 
fissures
Angle range 
(degrees)
Frequency of 
fissures
0-10 2 0-10 0
11-20 1 11-20 2
21-30 1 21-30 1
31-40 0 31-40 0
41-50 0 41-50 1
51-60 3 51-60 0
61-70 1 61-70 3
71-80 0 71-80 1
81-90 0 81-90 0
Angle range 
(degrees)
Frequency of 
fissures
Angle range 
(degrees)
Frequency of 
fissures
0-10 1 0-10 2
11-20 1 11-20 0
21-30 0 21-30 0
31-40 0 31-40 0
41-50 0 41-50 1
51-60 2 51-60 0
61-70 0 61-70 1
71-80 1 71-80 1
81-90 0 81-90 0
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SOMMA FISSURES: SE SECTOR
Fissure azimuths Departure from normality to contours
Inner circle Outer circle Inner circle Outer circle
Angle range 
(degrees)
Frequency of 
fissures
Inner circle Outer circle
Angle range 
(degrees)
Frequency of 
fissures
97-277 93-273 25 73 0-10 0 45 90 0-10 0
163-343 126-306 63 88 11-20 1 83 83 11-20 0
184-4 180-0 75 45 21-30 1 25 45 21-30 1
212-32 223-43 55 11 31-40 1 70 33 31-40 1
210-30 236-56 60 40 41-50 2 55 90 41-50 2
230-50 45 51-60 2 64 51-60 1
61-70 1 61-70 2
71-80 2 71-80 0
81-90 1 81-90 4
Angle range 
(degrees)
Frequency of 
fissures
Angle range 
(degrees)
Frequency of 
fissures
0-10 0 0-10 0
11-20 0 11-20 0
21-30 1 21-30 1
31-40 0 31-40 0
41-50 1 41-50 1
51-60 2 51-60 1
61-70 1 61-70 2
71-80 1 71-80 0
81-90 0 81-90 1
Angle range 
(degrees)
Frequency of 
fissures
Angle range 
(degrees)
Frequency of 
fissures
0-10 0 0-10 0
11-20 1 11-20 0
21-30 0 21-30 0
31-40 1 31-40 1
41-50 1 41-50 1
51-60 0 51-60 0
61-70 0 61-70 0
71-80 1 71-80 0
81-90 1 81-90 3
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SOMMA FISSURES: S SECTOR
Fissure Azimuths Departure from normality to contours
Inner circle Outer circle Inner circle Outer circle
Angle range 
(degrees)
Frequency of 
fissures
Inner circle outer circle
Angle range 
(degrees)
Frequency of 
fissures
92-272 268-88 62 10 0-10 2 45 15 0-10 2
129-309 175-355 11 30 11-20 1 58 81 11-20 1
181-1 176-356 81 87 21-30 1 5 56 21-30 0
197-17 124-304 74 55 31-40 0 69 34 31-40 1
241-61 60 41-50 1 84 41-50 1
250-70 73 51-60 2 55 51-60 3
270-50 44 61-70 1 64 61-70 2
260-80 3 71-80 2 8 71-80 0
81-90 2 81-90 2
Angle range 
(degrees)
Frequency of 
fissures
Angle range 
(degrees)
Frequency of 
fissures
0-10 1 0-10 2
11-20 1 11-20 0
21-30 0 21-30 0
31-40 0 31-40 0
41-50 1 41-50 1
51-60 1 51-60 2
61-70 1 61-70 2
71-80 2 71-80 0
81-90 1 81-90 1
Angle range 
(degrees)
Frequency of 
fissures
Angle range 
(degrees)
Frequency of 
fissures
0-10 1 0-10 0
11-20 0 11-20 1
21-30 1 21-30 0
31-40 0 31-40 1
41-50 0 41-50 0
51-60 1 51-60 1
61-70 0 61-70 0
71-80 0 71-80 0
81-90 1 81-90 1
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summit 
Somma fissures S outer 
radiality 
0 
1 
2 
3 
4 
0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 
Fr
e
q
u
e
n
cy
 
Angular departure (Degrees) from normality to 
contours 
Somma S all contours 
0 
1 
2 
3 
0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 
Fr
e
q
u
e
n
cy
 
Angular departure (degrees) from normality to 
contours 
Somma contours S inner 
0 
1 
2 
0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 
Fr
e
q
u
e
n
cy
 
Angular departure (degrees) from normality to 
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SOMMA FISSURES: SW SECTOR
Fissure azimuths Departure from normality to contours
Inner circle Outer circle Inner circle Outer circle
Angle range 
(degrees)
Frequency of 
fissures
Inner circle Outer circle
Angle range 
(degrees)
Frequency of 
fissures
155-335 236-56 14 80 0-10 2 15 77 0-10 4
190-10 230-50 40 35 11-20 4 35 17 11-20 3
192-12 206-26 12 5 21-30 0 2 7 21-30 2
210-30 206-26 19 34 31-40 4 1 22 31-40 1
230-50 190-10 14 36 41-50 1 13 56 41-50 0
230-50 179-359 48 63 51-60 0 72 4 51-60 2
228-48 150-330 88 8 61-70 1 52 30 61-70 1
121-301 78 71-80 2 70 71-80 2
81-90 1 81-90 0
Angle range 
(degrees)
Frequency of 
fissures
Angle range 
(degrees)
Frequency of 
fissures
0-10 0 0-10 2
11-20 4 11-20 2
21-30 0 21-30 0
31-40 1 31-40 1
41-50 1 41-50 0
51-60 0 51-60 1
61-70 0 61-70 0
71-80 0 71-80 1
81-90 1 81-90 0
Angle range 
(degrees)
Frequency of 
fissures
Angle range 
(degrees)
Frequency of 
fissures
0-10 2 0-10 2
11-20 0 11-20 1
21-30 0 21-30 2
31-40 3 31-40 0
41-50 0 41-50 0
51-60 0 51-60 1
61-70 1 61-70 1
71-80 2 71-80 1
81-90 0 81-90 0
Outer Outer
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SOMMA FISSURES: W SECTOR
Fissure azimuths
Inner circle Outer circle Inner circle Outer circle
Angle range 
(degrees)
Frequency of 
fissures
Inner circle Outer circle
Angle range 
(degrees)
Frequency of 
fissures
343-163 196-16 61 44 0-10 0 54 52 0-10 0
320-140 225-45 76 86 11-20 0 68 78 11-20 0
308-128 225-45 50 38 21-30 2 35 40 21-30 0
281-101 294-114 26 45 31-40 1 35 38 31-40 5
194-14 75 41-50 3 35 41-50 0
186-6 23 51-60 0 81 51-60 3
190-10 72 61-70 2 55 61-70 3
210-30 81 71-80 3 68 71-80 1
216-36 61 81-90 2 62 81-90 1
Angle range 
(degrees)
Frequency of 
fissures
Angle range 
(degrees)
Frequency of 
fissures
0-10 0 0-10 0
11-20 0 11-20 0
21-30 2 21-30 0
31-40 0 31-40 3
41-50 1 41-50 0
51-60 0 51-60 2
61-70 2 61-70 3
71-80 3 71-80 0
81-90 1 81-90 1
Angle range 
(degrees)
Frequency of 
fissures
Angle range 
(degrees)
Frequency of 
fissures
0-10 0 0-10 0
11-20 0 11-20 0
21-30 0 21-30 0
31-40 1 31-40 2
41-50 2 41-50 0
51-60 0 51-60 1
61-70 0 61-70 0
71-80 0 71-80 1
81-90 1 81-90 0
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contours 
Somma contours W outer 
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Angular departure (degrees) from radiality about summit 
Somma: All fissures 
Radiality: Inner circle
Angular 
departure 
from 
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Angular departure (degrees) from radiality about summit 
Somma Fissures: Inner circle 
Radiality: Outer Circle
Departure 
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Angular departure (degrees) from radiality about summit 
Somma Fissures: Outer Circle 
Angular departure from normality to contours (all)
Departure 
from 
normality
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Angular departure (degrees) from normality to contours  
Somma (all) Fissures with contours 
Angular departure from normality to contours (inner circle)
Departure 
from 
normality
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Angular departure (degrees) from normality to contours 
Somma Inner circle contours 
Angular departure from normality to contours (outer circle)
Departure 
from 
normality
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Angular departure (degrees) from normality to contours 
Somma Outer circle contours 
Experime
nt date
Injection 
site
Eruption 
(Y) or No 
eruption 
(N)
Fissure 
(F) or 
Vent (V)
Fissure 
Radial (R) 
or Non-
Radial 
(NR)
Fissure 
length 
(mm)
Dyke 
radial (R) 
or Non-
Radial 
(NR)
Dyke 
length 
(mm)
Dyke 
angle 
from 
vertical 
(°)
Eruption 
distance 
from 
point of 
injection 
(mm)
Notes
03-Jun Centre Y F R 12 25 5
Eruption dead centre of crater, fissure 
formed across middle of crater, lava to 
coast, thin, 24cm. Dyke not perfectly 
vertical, rises as fan tilted towards SW.
19-Jun Centre N - - - - - - -
02-Dec Centre N - - - - - - -
Almost vertical, angled towards F, reaches 
about 10mm of surface.
08-Dec
Centre 
with hole
Y Tiny F R 3 R 28 0 0
Hole pre-cut not to surface.  Magma rose up 
and intersected with precut hole and rose 
very rapidly through that and laterally and 
intersected with crater. Dyke orients N-S 
(FFE-BBA). Small lava outpour within crater. 
Dyke mostly extends laterally with small link 
to surface. 2nd injection - direct lava 
outpouring, fast long, thin, to 25cm.
15-Dec
Centre 
with hole
Y F R 5 R 40 0 -
Fissure formed in crater practically aligned E-
W. Rapidly filled pre-cut hole bringing 
magma close to surface, then spread 
laterally, close to forming subterminal 
fissures H-D.
16-Dec
Centre 
with hole
Y F R 8 R 33 5 1
Flow to 30cm into atrio, pooled then flowed 
downslope. Radial fissure on cone.
17-Dec
Centre 
with hole
N - - - R 18 Vert -
Injected twice, 1st time no eruption, filled 
cut hole then spread small way laterally F-B. 
Reinjected and no eruption.
12-Jun A2 Y F NR 10 NR 25 10 5
Erupts downslope, erupts at base of cone, 
fans away from cone, tilts slightly to SE, 
extends laterally, almost vertical, lava to 
18cm, 
08-Dec A2 N - - - R 20 0 -
Perfectly radial, v.nearly intersected surface - 
bulged then run out. 
16-Dec A2 N - - - R 25 25 -
18-Jun A3 N - - - SR 7 0 -
15-Dec A3 N - - - R 15 40 -
08-Dec A3 N - - - R 11 40 -
Orients as A2, dyke slightly upslope of 
injection and towards B
29-May A4 Y F R 8 20 5 Lava to 19cm, long, thin
03-Jun A4 Y F NR 8 NR 0 0
Flow to 16cm (sea), angled NNW-SSE, dyke 
vertical and oriented as fissure
02-Dec A5 Y F R 8 R 12 40 6
Erupts sideways towards H, slightly uphill. 
Lava flow to 17cm
16-Dec A5 Y F R 4 R 14 20 5 Flow to 15cm.
17-Dec A5 N - - - NR 8 30 - Wobbled?
29-May A6 Y Tiny F NR 4 Vert 0 0
Almost vertical, 2 tiny fissures (moved 
needle), lava to coast, thin flow until distal 
fan.
15-Dec A6 Y V - - - - 0 - Fountain
17-Dec A6 Y Small F R 3 R 8 20 5 Flow to 10cm
04-Dec A7 Y V - - - - 0 0
Fountain, vertically above, multi branch flow 
to max 13cm but multi-directional.
16-Dec A7 Y Small F R 3 R 4 20 4 Flow to 10cm and fountain.
17-Dec A7 Y Small F R 3 R 5 30 3 Flow to 8cm
19-Jun B2 N - - - - 5 0
16-Dec B2 N - - - 35 40 -
What would be NR if vertical propagation 
would actually form radial surface fissure if 
continued supply of magma as it goes 
laterally to cut the cone.
08-Dec B2 N - - - SR 18
Orients slightly downslope, with repeat no 
eruption.
18-Jun B3 Y F NR 5 Nr 13 35 13cm branched flow.
15-Dec B3 Y F SR 9 SR 16 35 8
Erupts towardsA slightly upslope, lava to 
19cm.
17-Dec B3 N - - - NR 18 40 -
29-May B4 Y Tiny F SR 4 Vert 13 <10 0 Almost vertical, lava to 17cm to coast.
03-Jun B4 Y F NR 10 40 4
Flow to 12cm, dyke angled away from cone, 
oriented almost W-E, fissure curved 
downslope
16-Dec B4 Y F NR 6 NR 17 40 5 Flow to 15cm.
04-Dec B5 Y F R-SR 2-3 3
Sideways, lava to 17cm, 2 tiny fissures 
(wiggle?)
15-Dec B5 Y V - - - - 0 0 Fountain
17-Dec B5 Y F R 3 R 5 20 3 Flow to 10cm
29-May B6 Y V - - Vert 0 -
16-Dec B6 Y V - - - - - 0 Fountain
17-Dec B6 Y V - - - - - 0 Fountain
B7
12-Jun C2 N - - - - 33 Reorients towards cone upslope
04-Dec C2
03-Jun C3 Y F R-SR 10 NR 50 20
Lava to 23cm. Dyke reorientates away from 
vertical ascent to N-S orientation, dipping 
50° E, slope towards centre.
18-Jun C3 N - - - R 15 0 -
Dyke dips slightly towards SW (downslope 
towards B). With repeated injection still no 
eruption, almost reaches surface. Dyke 
doesn't extend further laterally, but 
vertically.
15-Dec C3 N - - - NR 20 - -
29-May C4 Y F NR 10 Vert Lava to 22cm thin flow
08-Dec C4 Y F SR 9 NR 17 0 0 Lava to 23cm thin flow
16-Dec C4 N - - - NR 27 30 -
02-Dec C5 Y F SR 5 10 40 5
Erupts slightly downslope and towards D, 
lava flow to 17cm.
15-Dec C5 Y F NR 8 NR 13 15 3 Erupts upslope, lava to 18cm.
17-Dec C5 Y F N-SR 5 N-Sr 18 30 7
Erupts upslope and towards D. Lava to 
15cm.
29-May C6 Y F/V R 2 30 5 Lava to 22cm
17-Dec C6 Y F R-SR 5 R 8 35 4 Erupts towards B. Lava to 11cm
04-Dec C7 Y F NR 5 NR 5 0 Vertical, low fountain, long flow to 21cm
16-Dec C7 Y V R 2 R 3 5 1 Fountain
17-Dec C7 Y V - - - - 0 Fountain
19-Jun D2 Y F SR 15 SR 25 30 10
Lava to 30cm, long thin, flow follows atrio 
downslope and spreads. Dyke tilts towards 
cone, fissure cuts cone. 
08-Dec D2 N - - - NR 15 25 Dyke 25-30° from vertical downslope.
15-Dec D2 N - - - NR 34 30 Dyke propagate towards the cone
18-Jun D3 N - - - R 20 0 -
Dyke almost perfectly radial and vertical, 
fan dips downslope, almost breaks surface. 
Repeated injection, no eruption.
08-Dec D3 Y F R 10 R 31 20 5
Erupts towards E. Unusually wide (normally 
<1mm) now 1mm wide fissure, lava to 25cm
16-Dec D3 N - - - NR 22 35 - Propagates upslope
02-Dec D4 Y F SR 10 50 10
Fissure forms at about 50° towards  C and 
upslope, almost parallel with C. Flow to 
18cm, 2 branches. Fan larger than fissure.
15-Dec D4 Y F SR 5 SR 13 35 7 Erupts towards C.
17-Dec D4 Y F R 5 R 10 15 3 Erupts towards E, lava to 23cm.
02-Dec D5 Y F NR 9 3 Erupts downslope. Lava to 13cm, wide flow.
16-Dec D5 Y Tiny F NR 2 NR 2 0 0 Fountain
D6
D7
02-Dec E2 Y F NR 9 NR 23 45 4
Erupts slightly downslope towards Somma 
away from the cone. Almost vertical, almost 
perfectly NR, flow constrained to caldera, 
~45mm flow fills atrio. 
08-Dec E2 N - - - SR 8 ~0 - Very low injection into edifice
18-Jun E3 N - - - R 10 0 -
Under Somma max. Perfectly radial dyke, 
vertically rising to about 15mm into edifice. 
Repeated injection no eruption. Dips 
towards cone.
08-Dec E3 N - - - R 21 ~0 Slight tilt of dyke towards F
16-Dec E3 N - - - R ~0 - Hard to inject.
20-May E4 N - - - NR 60
Dyke vertical but not radial under somma 
max.
05-Jun E4 N - - - - - 40 -
10-Jun E4 Y F SR 11 SR 45 11 Sideways
15-Dec E5 N - - - NR 12 45 Propagates upslope
16-Dec E5 N - - - NR 13 30 -
20-May E6 Y F NR 8 NR 0
Long thin flow to 30cm, eruption from mid-
fissure.
08-Dec E6 N - - - NR 17 Hard to tell orientation
17-Dec E6 Y F R 5 R 15 35 8 Erupts towards D, lava to 25cm.
04-Dec E7 Y F NR 5 4
Erupts downslope, 2 branch flow to max 
23cm, 2 little fissures - wiggle of injection?
15-Dec E7 Y F NR 4 NR 9 30 4
Erupts towards D. Lava to 19cm. Starts as 
fountain.
16-Dec E7 Y F R 5 R 14 40 10 Lava to 21cm
04-Dec F2 N - - - R 15 0 - Almost vertical
08-Dec F2 N - - - NR 15 ~0 -
Just under Somma wall, dyke almost 
vertical, slightly downslope
15-Dec F2 N - - - - - - -
10-Jun F3 Y F NR 7 NR 45 15
Eruption downslope, fissure parallel with 
contours, tilts away from centre
18-Jun F3 N - - - NR 10 0 -
Dips downslope, repeated injection no 
eruption.
16-Dec F3 N - - - NR 12 25 -
20-May F4 Y F R 25 NR 11 Lava to 15cm, distal end 5cm wide
05-Jun F4 Y F R 4 R 35 7
15-Dec F4 Y F NR 6 NR 14 30 6 Erupts downslope.Lava to 20cm.
19-Jun F5 Y Small F 4 5
Spurted lava fountain, erupted downslope, 
15cm lava flow.
04-Dec F5 Y F NR 3 2
Erupts slightly upslope from vertical, small 
fissure parallel with contour line, lava flow 
to 19cm.
16-Dec F5 Y F NR 5 NR 15 45 10 Lava to 16cm
20-May F6 Y V R 8 NR 20 8
Lava flow max 11cm by 3.5cm, vent then 
small fissure
08-Dec F6 Y F SR 10 SR 10 0 0 Flow to 16cm
17-Dec F6 Y F R 6 and 3 R heart 11 45 10 Wobbled - heart fissure, lava to 18cm.
17-Dec F7 Y N V - NR 2 0 0 Fountain ~2mm dyke
10-Jun G2 Y F R 11 R 10-15 4 Beautiful radial fissure
04-Dec G2 N - - - NR 15 40 - Moves away from cone towards Somma.
05-Jun G3 Y F NR 11 NR 20 5
20° towards summit, fissure at base of 
somma escaptment with flow towards San 
Sebastiano. Flow to 17cm, fissure with 
Somma not cutting it. Dyke rises about 20° 
towards Vesuvius, outcropping in atrio. 
18-Jun G3 N - - - NR 15 0 -
16-Dec G3 N - - - SR 24 40 -
20-May G4 Y V R R Vert
Perfectly vertical dyke directly under Somma 
max. Tiny vent with small lava 1cm in 
caldera. Vertical fan, radial dyke.
12-Jun G4 Y Small F SR 4 SR 12 30 7 Erupts sideways towards H.
15-Dec G4 Y F N-SR 6 N-Sr 28 0 Lava to 21cm
10-Jun G5 Y F NR 8 NR 50 19
Erupts downslope, parallel with contours, 
downslope away from cone.
04-Dec G5 Y F R 3 R 20 40 11
Erupts towards F. Dyke just intersects the 
surface as magma runs out.
16-Dec G5 Y F NR 5 NR 13 30 8 Lava to 18cm
20-May G6 Y F R 15 R 0 1
Almost vertical, slightly off radial, lava to 
13cm, 4 cm wide end.
08-Dec G6 Y F NR 10 NR 18 60 12 Erupts downslope slightly towards F.
17-Dec G6 Y F R 9 R 23 40 15 Erupts towards F, lava to 21cm.
15-Dec G7 Y F NR 3 Nr 10 30 2 Erupts downslope. Lava to 21cm.
17-Dec G7 Y F NR 5 NR 10 30 4 Lava to 17cm.
19-Jun H2 Y F R 8 R 21 0 0
04-Dec H2 N - - - NR 20 - - Away from cone
16-Dec H2 Y F R 7 R 31 45 21
Lava to 25cm. If vertical would be NR, but 
distant R.
12-Jun H3 Y Small F NR 5 NR 13 30 5
Erupts downslope, parallel with contours, 
starts more vertical then angles away.
18-Jun H3 N - - - NR 20 30 - Dyke fan upslope towards the cone
15-Dec H3 N - - - NR 15 - - Heart shaped - moved injection.
02-Dec H4 N - - - R 15 40
Dyke 5 mm sideways towards G, almost 
vertical dyke leans towards G. Would form 
radial fissure. Expanded beneath model. 
08-Dec H4 Y F R 11 R 20 35 5 Erupts towards A, thin flow to 15cm
16-Dec H4 Y F R 3 NR 18 40 12
Lava to 16cm. Fissure is R but dyke majority 
NR.
02-Dec H5 Y F R 4 25-30 4
Erupts sidewards towards A. Fountain.Dyke 
slightly subvertical towards A downslope. 2 
forks of lava. Lava to 15cm.
15-Dec H5 Y F R 4 R 8 40 4 Lava to 15cm.
17-Dec H5 Y F NR 6 NR 10 0 1 Fountain, lava to 15cm.
04-Dec H6 Y V - - - - - 0 Fountain, almost vertical, flow to 14cm
17-Dec H6 Y V - - - - - 0 Fountain.
Min 2 Min 2 0 0
Max 25 Max 40 60 21
Mode 5 Mode 15 0 0
Mean 3.865079 Mean 14.21649 19.7094 3.504505
Median 6 Median 15 30 4  
SOMMA-VESUVIUS FISSURES: NW SECTOR
Fissure azimuths Departure from normality to contours
Inner Outer Inner circle Outer circle
Angle range 
(degrees)
Frequency of 
fissures
Inner circle Outer circle
Angle range 
(degrees)
Frequency of 
fissures
290-110 39-219 86 82 0-10 2 88 60 0-10 3
292-115 56-236 37 32 11-20 2 54 85 11-20 2
29-209 50-230 44 85 21-30 1 44 16 21-30 1
348-168 87 31-40 2 79 31-40 1
340-160 18 41-50 2 21 41-50 3
315-135 54 51-60 2 45 51-60 2
316-136 11 61-70 0 34 61-70 0
297-117 50 71-80 0 5 71-80 2
292-112 22 81-90 6 20 81-90 3
277-97 8 9
271-91 53 1 **
265-85 81 46
233-53 81 88
230-50 1 76
Angle range 
(degrees)
Frequency of 
fissures
Angle range 
(degrees)
Frequency of 
fissures
Angle range 
(degrees)
Frequency of 
fissures
Angle range 
(degrees)
Frequency of 
fissures
0-10 0 0-10 2 0-10 0 0-10 3
11-20 0 11-20 2 11-20 0 11-20 2
21-30 0 21-30 1 21-30 0 21-30 1
31-40 1 31-40 1 31-40 0 31-40 1
41-50 1 41-50 1 41-50 1 41-50 2
51-60 0 51-60 2 51-60 1 51-60 1
61-70 0 61-70 0 61-70 0 61-70 0
71-80 0 71-80 0 71-80 0 71-80 2
81-90 1 81-90 5 81-90 1 81-90 2
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SOMMA-VESUVIUS FISSURES: N SECTOR
Fissure azimuths Departure from normality to contours
Inner Outer Inner circle Outer circle
Angle range 
(degrees)
Frequency of 
fissures
Inner circle Outer circle
Angle range 
(degrees)
Frequency of 
fissures
40-220 276-96 20 30 0-10 3 1 34 0-10 3
153-333 287-107 27 8 11-20 3 30 90 11-20 1
291-111 13 21-30 3 9 21-30 2
349-169 72 31-40 0 70 31-40 2
352-172 8 41-50 0 69 41-50 0
13-193 76 51-60 0 0 51-60 1
28-208 25 61-70 2 90 61-70 4
39-219 69 71-80 4 13 71-80 1
12-192 71 81-90 1 62 81-90 2
87-267 11 40
81-261 80 24
72-252 81 75
73-253 61 60
64-244 10 69
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(degrees)
Frequency of 
fissures
Angle range 
(degrees)
Frequency of 
fissures
Angle range 
(degrees)
Frequency 
of fissures
Angle range 
(degrees)
Frequency of 
fissures
0-10 0 0-10 3 0-10 1 0-10 2
11-20 1 11-20 2 11-20 0 11-20 1
21-30 1 21-30 2 21-30 1 21-30 1
31-40 0 31-40 0 31-40 0 31-40 2
41-50 0 41-50 0 41-50 0 41-50 0
51-60 0 51-60 0 51-60 0 51-60 1
61-70 0 61-70 2 61-70 0 61-70 4
71-80 0 71-80 4 71-80 0 71-80 1
81-90 0 81-90 1 81-90 0 81-90 2
Departure from radiality about summit
Inner Outer Inner Outer
All All
0 
1 
2 
3 
4 
5 
0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 
Fr
e
q
u
e
n
cy
 
Angular departure (degrees) from radiality about 
summit 
Vesuvius N all fissures radiality 
0 
1 
2 
0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 
Fr
e
q
u
e
n
cy
 
Angular departure (degrees) from radiality about 
summit 
Vesuvius N inner fissures 
radiality 
0 
1 
2 
3 
4 
5 
0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 
Fr
e
q
u
e
n
cy
 
Angular departure (degrees) from radiality about 
summit 
Vesuvius N fissures outer 
radiality 
0 
1 
2 
3 
4 
5 
0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 
Fr
e
q
u
e
n
cy
 
Angular departure (degrees) from normality to 
contours 
Vesuvius contours N all 
0 
1 
2 
0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 
Fr
e
q
u
e
n
cy
 
Angular departure (degrees) from normality to 
contours 
Vesuvius contours N inner 
0 
1 
2 
3 
4 
5 
0-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 81-90 
Fr
e
q
u
e
n
cy
 
Angular departure (degrees) from normality to 
contours 
Vesuvius contours N outer 
SOMMA-VESUVIUS FISSURES: NE SECTOR
Fissure azimuths Departure from normality to contours
Inner Outer Inner circle Outer circle
Angle range 
(degrees)
Frequency of 
fissures
Inner circle Outer circle
Angle range 
(degrees)
Frequency of 
fissures
5-185 309-129 52 44 0-10 3 54 24 0-10 4
60-240 350-170 48 16 11-20 4 28 45 11-20 4
20-200 358-178 58 37 21-30 1 55 48 21-30 4
4-184 16-196 35 64 31-40 5 30 79 31-40 2
15-195 21-201 33 34 41-50 4 58 16 41-50 2
18-198 20-200 60 50 51-60 3 38 18 51-60 3
348-168 45-225 42 89 61-70 1 0 72 61-70 0
112-292 45-225 1 13 71-80 0 37 0 71-80 2
55-235 18 81-90 1 1 81-90 1
58-238 6 22
62-242 20 90
74-254 3 17
82-262 32 3
111-291 21 18
Angle range 
(degrees)
Frequency of 
fissures
Angle range 
(degrees)
Frequency of 
fissures
Angle range 
(degrees)
Frequency of 
fissures
Angle range 
(degrees)
Frequency of 
fissures
0-10 1 0-10 2 0-10 1 0-10 3
11-20 0 11-20 4 11-20 0 11-20 4
21-30 0 21-30 1 21-30 2 21-30 2
31-40 2 31-40 3 31-40 2 31-40 0
41-50 2 41-50 2 41-50 0 41-50 2
51-60 3 51-60 0 51-60 3 51-60 0
61-70 0 61-70 1 61-70 0 61-70 0
71-80 0 71-80 0 71-80 0 71-80 2
81-90 0 81-90 1 81-90 0 81-90 1
OuterOuter
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Angular departure (degrees) from radiality about 
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Angular departure (degrees) from normality to contours 
Vesuvius contours NE outer 
SOMMA-VESUVIUS FISSURES: E SECTOR
Fissure azimuths Departure from normality to contours
Inner Outer Inner circle Outer circle
Angle range 
(degrees)
Frequency of 
fissures
Inner circle Outer circle
Angle range 
(degrees)
Frequency of 
fissures
1-181 68-248 53 11 0-10 1 76 78 0-10 1
0-180 114-294 50 87 11-20 2 75 18 11-20 2
274-94 114-294 72 30 21-30 2 62 36 21-30 1
58-238 121-301 0 13 31-40 0 0 16 31-40 1
28-208 178-358 22 41-50 1 22 41-50 0
51-60 1 51-60 0
61-70 0 61-70 1
71-80 1 71-80 3
81-90 1 81-90 0
Angle range 
(degrees)
Frequency of 
fissures
Angle range 
(degrees)
Frequency of 
fissures
0-10 1 0-10 1
11-20 0 11-20 0
21-30 0 21-30 0
31-40 0 31-40 0
41-50 1 41-50 0
51-60 1 51-60 0
61-70 0 61-70 1
71-80 1 71-80 2
81-90 0 81-90 0
Angle range 
(degrees)
Frequency of 
fissures
Angle range 
(degrees)
Frequency of 
fissures
0-10 0 0-10 0
11-20 2 11-20 2
21-30 2 21-30 1
31-40 0 31-40 1
41-50 0 41-50 0
51-60 0 51-60 0
61-70 0 61-70 0
71-80 0 71-80 1
81-90 1 81-90 0
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Angular departure (degrees) from radiality about 
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Angular departure (degrees) from radiality about 
summit 
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Angular departure (degrees) from normality to 
contours 
Vesuvius contours E outer 
SOMMA-VESUVIUS FISSURES: SE SECTOR
Fissure azimuths
Inner Outer Inner circle Outer circle
Angle range 
(degrees)
Frequency of 
fissures
Inner circle Outer circle
Angle range 
(degrees)
Frequency of 
fissures
83-263 90-270 43 41 0-10 2 56 41 0-10 2
134-314 95-275 45 1 11-20 0 38 0 11-20 3
164-344 100-280 0 45 21-30 2 81 16 21-30 0
184-364 132-312 78 35 31-40 2 18 53 31-40 1
228-48 155-335 34 29 41-50 4 20 1 41-50 1
174-354 26 51-60 0 52 51-60 3
61-70 0 61-70 0
71-80 1 71-80 0
81-90 0 81-90 1
Angle range 
(degrees)
Frequency of 
fissures
Angle range 
(degrees)
Frequency of 
fissures
0-10 1 0-10 0
11-20 0 11-20 2
21-30 0 21-30 0
31-40 1 31-40 1
41-50 2 41-50 0
51-60 0 51-60 1
61-70 0 61-70 0
71-80 1 71-80 0
81-90 0 81-90 1
Angle range 
(degrees)
Frequency of 
fissures
Angle range 
(degrees)
Frequency of 
fissures
0-10 1 0-10 2
11-20 0 11-20 1
21-30 2 21-30 0
31-40 1 31-40 0
41-50 2 41-50 1
51-60 0 51-60 2
61-70 0 61-70 0
71-80 0 71-80 0
81-90 0 81-90 0
OuterOuter
Inner
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Angular departure (degrees) from radiality about 
summit 
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Angular departure (Degrees) from normality to 
contours 
Vesuvius contours SE outer 
SOMMA-VESUVIUS FISSURES: S SECTOR
Fissure azimuths Departure from normality to contours
Inner Outer Inner circle Outer circle
Angle range 
(degrees)
Frequency of 
fissures
Inner circle Outer circle
Angle range 
(degrees)
Frequency of 
fissures
260-80 179-359 85 43 0-10 1 65 15 0-10 1
249-69 224-44 35 40 11-20 1 28 15 11-20 2
218-38 223-43 30 0 21-30 1 24 0 21-30 2
171-351 233-53 85 90 31-40 3 58 84 31-40 0
157-338 269-89 20 53 41-50 1 45 47 41-50 3
131-311 37 51-60 1 49 51-60 1
61-70 0 61-70 1
71-80 0 71-80 0
81-90 3 81-90 1
Angle range 
(degrees)
Frequency of 
fissures
Angle range 
(degrees)
Frequency of 
fissures
0-10 0 0-10 0
11-20 1 11-20 0
21-30 1 21-30 2
31-40 2 31-40 0
41-50 0 41-50 2
51-60 0 51-60 1
61-70 0 61-70 1
71-80 0 71-80 0
81-90 2 81-90 0
Angle range 
(degrees)
Frequency of 
fissures
Angle range 
(degrees)
Frequency of 
fissures
0-10 1 0-10 1
11-20 0 11-20 2
21-30 0 21-30 0
31-40 1 31-40 0
41-50 1 41-50 1
51-60 1 51-60 0
61-70 0 61-70 0
71-80 0 71-80 0
81-90 1 81-90 1
Departure from radiality about summit
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Angular departure (degrees) from radiality about 
summit 
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Angular departure (degrees) from radiality about 
summit 
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Angular departure (degrees) from normality to 
contours 
Vesuvius contours S outer 
SOMMA-VESUVIUS FISSURES: SW SECTOR
Fissure azimuths Departure from normality to contours
Inner Outer Inner circle Outer circle
Angle range 
(degrees)
Frequency of 
fissures
Inner circle outer circle
Angle range 
(degrees)
Frequency of 
fissures
140-320 136-316 35 10 0-10 6 35 15 0-10 5
149-329 170-350 0 11 11-20 3 3 19 11-20 4
191-11 270-450 10 19 21-30 0 25 32 21-30 1
200-20 224-44 40 37 31-40 3 17 11 31-40 3
239-59 211-31 0 55 41-50 0 0 33 41-50 0
234-54 230-50 90 90 51-60 1 87 67 51-60 0
232-52 245-65 83 16 61-70 0 90 10 61-70 1
237-57 6 71-80 0 5 71-80 0
235-55 10 81-90 3 7 81-90 2
Angle range 
(degrees)
Frequency of 
fissures
Angle range 
(degrees)
Frequency of 
fissures
0-10 3 0-10 2
11-20 0 11-20 1
21-30 0 21-30 1
31-40 2 31-40 1
41-50 0 41-50 0
51-60 0 51-60 0
61-70 0 61-70 0
71-80 0 71-80 0
81-90 2 81-90 2
Angle range 
(degrees)
Frequency of 
fissures
Angle range 
(degrees)
Frequency of 
fissures
0-10 3 0-10 3
11-20 3 11-20 3
21-30 0 21-30 0
31-40 1 31-40 2
41-50 0 41-50 0
51-60 1 51-60 0
61-70 0 61-70 1
71-80 0 71-80 0
81-90 1 81-90 0
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Angular departure (degrees) from radiality to 
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Angular departure (degrees) from normality to 
contours 
Vesuvius contours SW outer 
SOMMA-VESUVIUS FISSURES: W SECTOR
Fissure azimuths Departure from normality to contours
Inner Outer Inner circle Outer circle
Angle range 
(degrees)
Frequency of 
fissures
Inner circle Outer circle
Angle range 
(degrees)
Frequency of 
fissures
304-235 187-7 1 41 0-10 3 27 18 0-10 1
270-90 259-79 52 15 11-20 2 18 17 11-20 7
251-71 271-91 24 16 21-30 1 3 18 21-30 1
240-60 292-112 48 7 31-40 0 18 13 31-40 1
223-43 310-130 1 56 41-50 3 14 81 41-50 1
229-49 338-158 43 89 51-60 3 36 57 51-60 1
216-36 53 61-70 0 45 61-70 0
71-80 0 71-80 0
81-90 1 81-90 1
Angle range 
(degrees)
Frequency of 
fissures
Angle range 
(degrees)
Frequency of 
fissures
0-10 2 0-10 1
11-20 0 11-20 3
21-30 1 21-30 1
31-40 0 31-40 1
41-50 2 41-50 1
51-60 2 51-60 0
61-70 0 61-70 0
71-80 0 71-80 0
81-90 0 81-90 0
Angle range 
(degrees)
Frequency of 
fissures
Angle range 
(degrees)
Frequency of 
fissures
0-10 1 0-10 0
11-20 2 11-20 4
21-30 0 21-30 0
31-40 0 31-40 0
41-50 1 41-50 0
51-60 1 51-60 1
61-70 0 61-70 0
71-80 0 71-80 0
81-90 1 81-90 1
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Departure from radiality about summit
Departure 
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radiality
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Angular departure (degrees) from radiality about summit 
Vesuvius fissures: All 
Departure from radiality about summit: Inner circle
Departure 
from 
radiality
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Angular departure (degrees) from radiality about summit 
Vesuvius fissures: Inner circle 
Departure from radiality about summit: Inner circle
Departure 
from 
radiality
82 Angle range (degrees) Max angle in category Frequency of fissures
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Angular departure (degrees) from radiality about summit 
Vesuvius fissures: Outer circle 
Angular departure from normality to contours (all)
Departure 
from 
normality
88 Angle range (degrees) Frequency of fissures
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Angular departure (degrees) from normality to contours  
Vesuvius All contours 
Angular departure from normality to contours (inner circle)
Departure 
from 
normality
88 Angle range (degrees) Frequency of fissures
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Angular departure (degrees) from normality to contours 
Vesuvius Inner circle contours 
Angular departure from normality to contours (outer circle)
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Figure 1: Rose diagrams for fissures in the Somma model by edifice sector 
 
  
  
 
  
 
 
  
 
 
Figure 2: Rose diagrams by sector of the edifice for the Somma-Vesuvius model with lateral (left) 
and Flank (right) fissures. 
 
  
 
 
Figure 3: Somma gelatine model with dyke fans and lava flows 
 
 
  
  
 
Figure 4: Gelatine Vesuvius model with dyke fans and lava flows. 
 
  
  
 
Figure 5: Gelatine Vesuvius model with dyke fans, dyke fronts and vents 
  
  
 
Figure 6: Somma Gelatine model with dyke fans.
 Model Somma Somma-Vesuvius 
           Date 
              
               Injection 
site 
Vertical 
(V) or 
Angled 
(A) 
injection 
Injection 
Velocity 
(ml/s) 
Eruption 
(Y) or 
No 
Eruption 
(N) 
Fissure 
(F) or 
Vent 
(V) 
Fissure 
Radial 
(R) or 
Non-
Radial 
(NR) 
Fissure 
length 
(mm) 
Dyke 
length 
(mm) 
Dyke 
Radial 
(R) or 
Non-
Radial 
(NR) 
Dyke 
Angle 
(°) 
from 
vertical 
Eruption 
distance 
from 
point of 
injection 
(mm or 
contour) 
Picture 
Numbers 
Video 
Reference 
Time 
Diagram 
Number 
Comments 
                              
                              
               
Table 1: Form for recording the results of the injection 
experiments 
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Figure 1: Cross section diagram for time estimation cross sections for 1760, 1794, 1861 fracture 
formation. 
 
 
  
  
Figure 2: The Somma Fumaroles with warm and cold air 
vents. 
Pollena 
Outside of the town of Pollena-Trocchia are a series of volcanic cones.  These have been 
quarried leaving sections through the cones visible.  Whilst the quarrying has allowed the 
internal structure of the cones to be seen, it has also removed large amounts of material 
making identification of relationships between the features difficult.  There are three main 
sites at Pollena, referred to here as Pollena 1 (Figure 6), Pollena 2 (Figure 7), and Pollena 3 
(Figure 8), shown relative to each other in Figure 3. 
 
 
Figure 3: Sketch map of the Pollena cone complex, with the path connected the three principal 
zones. 
 
The remnants of the cones are visible between 250 and 300m a.s.l., whilst the mapped cone 
of Rosi et al. (1987a) is at approximately 400m a.s.l., with both of these locations shown on 
the cross section in Figure 4.  The age of the Pollena cones are unknown, though Somma 
lavas outcrop above these features indicating these are pre-Somma collapse and therefore 
likely pre-AD 79.  An approximation of the Somma edifice is also shown in Figure 4 to 
demonstrate the relation between the cones and the approximate location of the central 
conduit of Somma, being fed from this through a horizontally propagating dyke.  The 
feeding mechanism of these cones is not confirmed, and it is possible that these were a 
product of a vertical dyke independent of the central conduit. 
 
  
Figure 4: Cross section through the Somma-Vesuvius edifice showing the location of the Pollena 
cone complex (black cones visible in field, orange on the map and possible maximum extent). A 
radial horizontal dyke from the proposed Somma conduit is shown (faded orange showing possible 
max.extent). 
 
Pollena 1 and 2 both are spatter cone remnants, with the angle of the spatter in Pollena 1 
indicating a complex of cones at this site, possibly indicating a ring formation.  Pollena 3 is a 
section through the volcanic products of Somma and the Pollena cones, with an outcrop of 
pahoehoe flows whose location suggests a possible origin at the cones.  All three sites at 
Pollena are likely inter-related due to their proximity to each other.  Whilst it is unknown 
whether fed by a horizontal or vertical dyke, based on the dominance of horizontal 
propagating dykes at Vesuvius as indicated by the downwards propagation of the fissures 
and the overall dominance of horizontal dykes based on the rarity of vertical dykes and 
eccentric or peripheral vents at Etna (Acocella and Neri, 2003), the development of the 
Pollena cone complex is described here as likely being the product of a horizontal radial 
dyke, extending from the central conduit (Figure 4).  As in the historic flank eruptions, the 
fissure produced at the intersection of the dyke with the surface did not show continuous 
eruption rates along its length, instead developing separate active vents, perhaps due to 
minor topographic changes on the surface (Figure 5).   At the eruptive sites, spatter cones 
developed consisting of relatively large clasts of spatter, finer grained material and short 
lava flows.   
 
 
Figure 5: Elongate fracture with multiple cones. 
 
 
  
  
 
Figure 6: Pollena 1. Section through the cone. 
 
 
 
 
Figure 7: Pollena 2 diagram. 
 
 
 
 
Figure 8: Pollena 3.
Pahoehoe flow units 
